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N A series of experiments previously recorded® we have investigated the 
efficacy of aqueous preparations of the antirachitie principle in maintaining 
or restoring a healthy structural appearance in the growing ends of the long 
bones of rats fed on a mineral deficiency diet. Despite the restoration, these 
aqueous preparations, like the oleaginous preparations of vitamin D, were 
incapable of maintaining adequate mineralization of compacta and spongiosa 
of the shafts in the absence of a sufficient mineral intake. Owing to the fact of 
growth there results a progressive osteoporosis roentgenographieally and_his- 
tologieally apparent. Ash-values become relatively low and a generalized neuro- 
museular irritability supervenes already deseribed by Templin and Steenbock.® 
Having learned that aqueous preparations are both possible and efficacious 
we turned to the mechanism of calcium deposit in the growing ends of bones, 
utilizing for our study in vitro methods in order to secure simplicity of control 
and eliminate the complications inseparable from tissue growth in the living 
body. 
TECHNIC OF EXPERIMENTS 


White rats, bred in the laboratory, were weaned at one month of age and 
immediately placed upon the rachitogenie diet No. 2965 of Steenbock and Black.® 
After one month on this feeding the animals were killed. The upper ends of 
both tibiae were dissected out under sterile conditions, freed from adhering 
tissues and split longitudinally into halves. Thus each animal served for one 


*From the Anatomical Laboratory and Associated Foundations, Western Reserve Uni- 
ersity. 
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experiment which utilized the four comparable bone fragments. Each fragment 
was immersed in sterile fluid of known volume and controlled pH for sixteen 
hours at a constant temperature of 38° C.’ 

One fragment, the negative control, was immersed in sterile distilled water. 
A second, the positive control, was immersed for sixteen hours in a ealeifying 
medium of the following composition’ diluted to give the appropriate percentage 
of ealeium glycerophosphate as noted in the table: 


Sodium chloride 0.6 gm. per 100 
Sodium bicarbonate 0.03 gm. per 100 
Potassium chloride 0.04 gm. per 100 


Magnesium sulphate (MgSO,7H,O) 0.025 gm. per 100 
Caleium chloride 0.010 gm. per 100 e.e. 
Tribasic sodium phosphate 0.082 gm. per 100 e.c. 


Calcium glycerophosphate 2.0 gm. per 100 e.e. 


Enough of the inorganic basal solution was made up at the beginning to 
serve for all the experiments. The bicarbonate was added last and before this 
addition the solution was sterilized. Next the pH was adjusted to between 7.4 
and 7.6 by equilibration with carbon dioxide.‘ With the addition of glycerophos- 
phate the hitherto inorganic basal solution now becomes the organie basal 
medium and is thus defined in later paragraphs. 

The third and fourth fragments were immersed in the organie basal medium 
for the same length of time and under identical conditions of temperature and 
hydrogen-ion concentration but to the medium was added the preparation the 
effeet of which was to be investigated. Allowance was made for dilution so that 
the salt concentration of the organic basal medium should be identical with that 
of the positive control. 


After the sixteen-hour immersion period the fragments were washed with 


saline, fixed in 10 per cent formalin, dehydrated, embedded in paraffin and see 


tioned. The sections were transferred to slides, stained with von Kossa’s silver 
nitrate (1.5 per cent AgNO.) for two minutes, then exposed to bright light, and 
mounted in balsam.’ 

An aqueous extract of the antirachitie principle was prepared by diluting 
10 ¢.e. of viosterol 10,000X, generously furnished by Mead Johnson and Co., 
with a small quantity of acetone, triturating the mixture with tale, slowly adding 
water with continued trituration and filtering the product through dry filter 
paper. 

The resultant filtrate was a colorless, slightly opalescent fluid, odorless and 
tasteless but nevertheless a reliable source of vitamin D as shown by the biologi- 
cal assay already reported.® 

This aqueous preparation of activated ergosterol which we term aquasterol 
was added, in these experiments, to the organic basal solution deseribed above. 
Aqueous control preparations of olive and cod liver oils were made by a tech- 
nique identical with that used in preparing aquasterol. 

With exeeptions noted in the table we utilized, for the immersion of bone 
fragments, a total fluid volume of 5 ¢.c., representing 0.05 gm. or such amount of 
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calcium glycerophosphate as is noted by percentage in the table. The coneentra- 
tion of the immersion-bath was regulated by diluting the caleifying medium with 
sterile distilled water. To study the effect of vitamin D our aquasterol prepara- 
tion was used as the diluent in place of distilled water. The experiments con- 
sisted in varying the amount of aquasterol and the calcium concentration in the 
immersion-bath. 

Assessments of the mineralization both in test material and controls were 
made upon histological sections prepared as already set forth.’ 

At first arbitrary ratings from 0 to 60 were devised on the basis of, but 
not identical with, Dyer’s histological standards.* Rating No. 10 identifies the 

















Fig. 1.—Experiment 1. Positive control. Tibia fragment No. 84. Organic basal (cal- 
cifying) medium without aquasterol. A practically unbroken cap of mineralization between 
spongiosa and hypertrophic zone of cartilage. Small irregular isolated areas of mineralization 
in hypertrophic zone itself. 


average amount of restoration characteristic of immersion in the calcifying, non- 
aquasterol-containing medium of the positive control experiment. Rating No. 
60 represents the calcification comparable with that of a normal bone, for 
aquasterol preparations never cause encroachment of mineralization into the 


diaphyso-epiphysial plane. Graded valuations were assigned to intermediate 


stages of mineralization. Further experience has shown that the method of 
evaluation, while important in the biological assay of vitamin D preparations, 
does not permit the fine discrimination necessary for this study. The method 
whieh has given us greatest satisfaction is a histological analysis. The growing 
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end of a long bone presents, on the shaft side of the diaphyso-epiphysial plane 
or zone 1, reserve cells of Dodds and Cameron,” a zone of proliferating cartilage 
formed by parallel columns of cells (zone 2, multiplying cells, Dodds and 
Cameron). Proximal to the zone of proliferating cartilage is the zone of hyper- 
trophie cartilage, the cells of which appear swollen and their nuclei large and 
less deeply stained (zone 3, growing cells, Dodds and Cameron). The hyper- 
trophie zone is normally sharply defined from the spongiosa. 

This histological arrangement is equally apparent in healthy and in rachitie 
bones but, in the latter, the zones are wider, are often marred by degenerative 














Fig. 2.—Tibia test fragment No. 85. Organic basal medium and aquasterol in equal parts. 
Uniform mineralization of hypertrophic zone. No mineralization of proliferative zone. 


changes which may progress to actual cyst formation and to proliferative proc- 
esses of osteoid tissue invading the demineralized spongiosa, the demareation be- 


tween which and the hypertrophic zone becomes irregular and ill-defined. 


Most of our studies have been made on the proximal end of the tibia and 
our results are expressed in terms of the zones mineralized in that bone. We 
a] 


have included Figs. 1 to 3 as illustrations of the histological analysis upon which 
we have relied for the conclusions given in this paper. 


EXPERIMENT NO. 1 


Our first inquiry was the effect on mineralization of varying the amount 
of antirachitie principle in the immersion fluid. Experiment No. 1 (see Table), 





VENAR-TODD: MAINTENANCE OF MINERAL DENSITY IN SKELETON 225 


utilizing fragments Nos. 83, 84, 85, 86, maintains in the ealeifying bath a uni- 
form concentration of calcium glycerophosphate (0.05 gm. in 5 ¢.e.) for all frag- 
ments except the negative control No. 83 which was immersed in distilled water. 
Fragment 84 was immersed in the organic basal solution diluted with water. For 
fragments 85 and 86 the diluent was aquasterol instead of distilled water but the 
amount of aquasterol used for No. 85 was two-thirds that used for No. 86. 

In the negative control (No. 83) the mineralization of the fragment extends, 
however inadequately, through the spongiosa of shaft but does not penetrate the 
zone of hypertrophie cartilage. In the positive control (No. 84) the spongiosa 
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Fig. 3.—Tibia test fragment No. 86. Organic basal medium and aquasterol in proportions 1:3. 
Mineralization precisely as in Fig. 2 despite greater content of aquasterol. 

may be more densely mineralized but the characteristic features are a practically 

unbroken cap of mineralization between spongiosa and the zone of hypertrophic 

cartilage, and secondly small irregular isolated areas of mineralization in the 

hypertrophie zone itself (Fig. 1). 

In both test fragments (Nos. 85, 86) not only is there a denser mineraliza- 
tion of spongiosa but the zone of hypertrophic cartilage is mineralized uniformly 
throughout its extent and the unaffected zone of proliferative cartilage together 
with the diaphyso-epiphysial plane (zone of parallel rows of cartilage cells) 
remains as a narrow band, clear of mineral deposit. Moreover there is no ap- 
preciable difference in the degree of mineralization in these two fragments 
despite the difference in aquasterol concentration (Figs. 2 and 3). 
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This and similar experiments (2, 3, 5, 6, 7, 8, 10, 11, 12) demonstrate that, 


in the presence of an adequate amount of utilizable calcium in the caleifying 
medium, the addition of aquasterol intensifies the extent and density of minerali- 
zation. Inerease of the aquasterol content of the ealeifying medium beyond the 
effective point does not produce a corresponding improvement of the minerali- 
zation. 

Cystie formations in the hypertrophic zone, particularly at the limit of the 
spongiosa, and osteoid penetration from the spongiosa into the hypertrophic 
zone are- both frequently seen in rachitie bones. These pathological features 
have no real significance in our study. They merely indicate that the rachitic 
process was already more extensive than the stage required for in vitro studies. 


EXPERIMENT NO. 2 


This experiment was devised to investigate the effect of increasing the 
vitamin D and reducing the calcium concentration in the calcifying medium. 

Fragment 87, the negative control, showed no ealeification. The positive 
control, fragment 88, showed calcification of poor density widely distributed 
throughout the hypertrophie zone but not extending into the proliferative zone. 
Fragment 89 was immersed in a medium of calcium concentration identical with 
that used for fragment 88, namely 0.025 gm. per 5.0 ¢.¢., but using 3.8 ©¢.c. 
aquasterol instead of 3.8 ¢.c. of water as diluent. The ealcification in this frag- 
ment was denser and more uniform in the hypertrophic zone than in fragment 
88 and extended to the limit but not inte the substance of the proliferative zone 
as in fragments 85, 86 though lacking the density of mineralization characteristic 
of these fragments. 

The significance of this experiment is that even in the presence of a 
diminished ealeium concentration the extent and density of calcification in the 
growth area are favorably influenced by the presence of vitamin D in the 
calcifying medium but the density of mineralization depends ultimately upon 
the caleium concentration of the medium. 

EXPERIMENT NO. 3 

Experiment No. 3 duplicates in all details experiment No. 1 with precisely 

the same results. For this experiment fragments 91, 92, 93, 94 were used. 
EXPERIMENT NO. 4 


In order to rule out any possible effect of oil itself on mineral deposition we 
substituted for aquasterol the filtrate of an aqueous trituration of olive oil. 
Fragment 95, the negative control, presents a severe degree of rickets. 


Spongiosa and cortex are very poorly mineralized and the hypertrophic zone 1: 
not merely devoid of calcification but has undergone considerable destruction 
through the proliferation of osteoid tissue. 

Fragment 96, immersed in a ealeifying bath identical with that deseribed 
for fragment 84 (i.e. 0.05 gm. ecaleium glycerophosphate in 5 ¢.c. of ealeifying 
medium), shows a widely distributed calcification of poor density extending 
throughout the zone of hypertrophie cartilage. The osteoid tissue invading this 


zone is also lightly mineralized. Cortex and spongiosa are, however, no denser 


than in fragment 95. 
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Fragment 97 was immersed in the same medium as fragment 96 but the 
diluent used was the aqueous olive oil preparation instead of distilled water in 
the proportion one-half calcifying medium to one-half aqueous olive oil. The 
histological features of this preparation are identical with those of No. 96. 

Fragment 98 was immersed in a similar medium of identical calcium con- 
centration as fragments 96 and 97 but the amount of aqueous olive oil was in- 
creased to 3.8 ¢.¢. ina total of 5.0 ¢e. The caleium glycerophosphate content of 
the 5.0 ¢.¢. was 0.05 em. as for Nos. 96, 97. No calcification took place. 

From these experiments therefore it is evident that olive oil, in itself, is 
without favorable effect on mineralization. 

Aqueous triturations of cod liver oil prepared in the same manner show if 
anything a slightly greater mineralization than the corresponding positive con- 
trol employing the organic basal solution alone (see Experiment No. 9). 


EXPERIMENT NO. 5 


This experiment, utilizing fragments 99, 100, 101, 102, was performed for 
determining the effeet of minimal concentrations of aquasterol in the presence 
of a slightly mereased calcium concentration. 

Fragment 99 (negative control) shows no calcium deposit even in the hyper- 
trophie zone. Fragment 100 (positive control), immersed in 5.0 ¢.c¢. of the 
caleifvying medium containing 0.75 gm. of calcium glycerophosphate, shows a well 
mineralized hypertrophic zone up to but not into the proliferative zone. Frag- 
ment 101, immersed in a medium of nearly the same calcium concentration to 
which was added 1.00 ¢.c. of aquasterol (6.0 ¢.c. total volume equal to 0.075 gm. 
ealeium = glycerophosphate), shows much denser mineralization extending 
throughout the hypertrophic zone clear to the limit of the proliferative zone. 
Fragment 102, immersed in equal parts of the basal solution and aquasterol 
(5.0 ¢.¢. containing 0.03 e¢m. calcium glycerophosphate), shows a mineralization 


equally extensive and of approximately equal density with fragment 101, though 


of definitely greater density than fragment 100. 

Thus the presence of vitamin ID, even in small amounts, enhances both the 
extent and density of mineralization but the presence of vitamin D in larger 
amounts will not substitute for a deficiency of calcium in the immersing medium. 

That this is also evident in experiments on living animals was shown in a 
previous communieation.® 


EXPERIMENT NO. 6 


In experiment No. 6 the aquasterol content was kept constant but the 
calcium concentration was diminished. For this experiment fragments 119, 120, 
121, 122 were used. Fragment 122 was immersed in a medium of 4.0 ¢.c. volume 
containing 0.03 em. of calcium glycerophosphate. This concentration is greater 
than that used for fragments 89 (experiment No. 2) and 102 (experiment No. 5) 
and gave practically identical results. 

Fragment 121 was placed in a medium of 3.0 ¢.c. volume containing 0.015 
em. of ealeium glycerophosphate. Mineralization is sparsely distributed through- 
out the hypertrophic zone and does not penetrate the zone of proliferative 
cartilage. 
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Fragment 120, immersed in a medium of 2.5 ¢.ec. volume containing calcium 
glycerophosphate 0.0075 gm., shows very imperfect mineralization in the hyper- 
trophic zone alone, the mineral being distributed erratically and in varying 
density along the boundary line between hypertrophic and proliferative zones. 

Fragment 119 was used as a negative control. 

In the presence of a constant amount of vitamin D, a variation in the 
‘alecium of the medium results in a corresponding difference in extent and 
density of mineralization. 

The foregoing experiments illustrate three significant features of bone 
mineralization. 

1. The in vitro effect of aqueous preparations of vitamin D in favorably 
affecting the mineralization cannot be explained by any physical action of inert 
oil. 

2. In the presence of a constant amount of vitamin D, variation in total 
available calcium results in a corresponding difference in extent and density of 
mineralization. 

3. In the presence of a constant total available calcium the increase of 
vitamin D beyond a certain definite level gives no corresponding increase in 
extent or density of mineralization. 

To amplify and confirm the observations recorded in these experiments just 
set forth the following supplemental experiments were carried out. 

Experiment 7 doubles the maximum total amount of caleium glycerophos- 
phate utilized in experiment 6. The fragments used were Nos. 123, 124, 125. 
Fragment 125 shows a far heavier mineralization in the presence of aquasterol 
than fragment 124 which was immersed in the glycerophosphate solution 
diluted with water alone. 

Experiment 8, utilizing fragments 140, 141, 142, supplements experiment 7 


by doubling the amount of aquasterol, the ealeium glycerophosphate in the 


medium being maintained at a level intermediate between those of experiments 6 
and 7. The result is identical in principle with that of experiments 6 and 7. 

Experiment 9 duplicates experiment 8 but utilizes an aqueous preparation 
of an official U.S.P. cod liver oil in place of aquasterol. The fragments employed 
were Nos. 155, 156, 157. No. 157 shows a heavier mineralization than the posi- 
tive control No. 156. This result should be contrasted with that of the olive oil 
experiment No. 4. 

Experiment 10 supplements experiment No. 2, using approximately one 
fourth the amount of aquasterol. Fragments 171, 172, 173 were employed. The 
results are identical in principle with those of experiment 2. 

Experiment 11 duplicates experiment 6 but uses a slightly greater amount 
of aquasterol and a smaller amount of calcium. Fragments used were Nos. 175, 
176, 177, 178. The results are identical in principle with those of experiment 6. 

\xperiment 12, using fragments 179, 180, 181, supplements experiments 7 
and 8. This is intermediate in calcium content (i.e., volume of ealeifying 
medium) between experiments 9 and 10 and is almost identical in calcium 
eontent with experiments 1 and 3. The results simply confirm those already 
stated. 
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OUTLINE OF DATA UPON THE TWELVE EXPERIMENTS RECORDED IN THIS PAPER 


EXPERI- 
MENT 
NO. 


FRAG- 
MENT 
NO. 


— 


17 
172 
17 


wil 


— ae | 
a} «3 aj «3 <3 
Ko) DID Cl 


—_ —d 
yD 
— SO 


TOTAL 


VOL. 
BATH 
L. 


VOLUME 
CALCI- 
FYING 
MEDIUM CL. 
C.C. 


VOLUME 
WATER 


VOLUME 
EXP. 
SOLU- 
TION 
C.C. 


20 


PER- 

CENTAGE 

GLYCERO- 
PHOS- 
PHATE 


RATING 
ON 
CALCIFI- 
CATION 
0 
1.0 
1.0 
1.0 


0 
0.5 
0.5 


0 

1.0 
1.0 
1.0 


0 
1. 


0 
0.9 
0.9 


In all experiments except Nos. 4 and 9 the experimental solution is aquasterol prepared in the 
manner previously described.9 
In Experiment 4 the experimental solution is olive oil; in No. 9 it is a standard U.S. P. 


cod liver oil. 
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SUMMARY 


1. Experiments 1, 4 and 9 recorded in the body of this paper illustrate the 
following points. 

Aqueous preparations of vitamin D favorably influence the extent and 
density of mineralization in rachitie bone fragments immersed in a solution of 
organie calcium. 

This effect cannot be attributed to surface tension or other physical prop- 
erties of oil present in our aqueous preparations of vitamin D. 

2. The remaining experiments demonstrate two further principles. 

In the presence of a constant amount of vitamin D, variation of the organic 


calcium concentration results in a corresponding effect on extent and density of 


mineralization in the growing area. 

In the presence of a constant organic calcium concentration in the calcifying 
medium a variation of vitamin D content does not produce corresponding effect 
on mineralization of the growing area. 

3. In surveying the results of these experiments it is essential to keep in 
mind the fact that the part of bone under observation is the growing area only. 
The epiphysis proper and the shaft are not studied in this communication, Re- 
sults evident in the growing area must not be presumed to hold for shaft or 
epiphysis. For these areas further specific studies must be designed. 
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GRANULOCYTOPOIETIC FRACTIONS OF YELLOW BONE MARROW* 
JOSEPH Zicuis, PH.D., Derrorr, MICH. 


N RECENT years the condition known as granulocytopenia has attained a 

prominent position in the medical world. While the etiology of the disease 
still remains obseure, the many agents employed for its treatment have met with 
varying degrees of success.'* Of these therapeutic agents, yellow bone marrow 
has attracted much attention. 

Watkins‘ has obtained encouraging results by oral administration of bone 
marrow at the onset of the disease. He gave daily doses of approximately 60 
to 120 em. of fresh yellow bone marrow, obtained from beef, until the blood 
assumed a normal picture, and smaller doses for several months later. Sinee 
large amounts of marrow were necessary to obtain a change in the leucocytic 
picture, and since in certain cases the patient was unable to digest and assimi- 
late such large quantities, the use of the fresh marrow for this purpose was con- 
sidered undesirable. Accordingly, a study was undertaken to separate the 
granuloeytopoietie fraction from yellow bone marrow, and to determine its activ- 
ity on experimental animals. 


EXPERIMENTAL 


Source of Bone Marrow.—The bone marrow used in these studies was ob- 
tained from fresh long bones of cattle. It was freed of blood, bony and fibrous 
material and then ground. 

Preparation 1 (P-1).—Two kilograms of bone marrow were saponified with 
6 liters of 3 per cent aleoholic potassium hydroxide at room temperature for 
twenty-four hours. The saponification was aided by mixing the solution with a 
mechanical stirrer. At the end of twenty-four hours the solution was filtered 
through a large fluted filter. The residue consisted chiefly of insoluble bony and 
fibrous tissues. An equal volume of distilled water was added to the filtrate 
which separated into two layers. The upper layer containing the nonsaponi- 
fiable fraction was saved and the lower soapy layer discarded. In order to free 
the concentrate from alkali, it was washed 5 times with 50 ¢.c. of distilled water 
and 5 times with 50 ¢.ec. of 40 per cent aleohol. From the original 2 kg. of bone 
marrow, 100 gm. of the concentrate were obtained. 

The product thus obtained was a yellow, oily liquid, being nearly odorless 
and having a slightly oily after-taste. It had a neutral reaction to phenol- 


phthalein, gave a negative test for sterols, and had a specifie gravity of 0.8626. 


*From the Kedzie Chemical Laboratory, Michigan State College. 

Received for publication, January 6, 1936. 

This paper is an abbreviated form of the thesis submitted in partial fulfillment of the 
requirements for the degree of Doctor of Philesophy in Chemistry in the Graduate School of 
Michigan State College. 

These studies were made possible by a grant from Frederick Stearns and Company, 
Detroit, Michigan. 131 
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It was soluble in 95 per cent alcohol, ether, petroleum ether chloroform, and 


only slightly soluble in methyl alcohol. 


This concentrate, when administered 


orally to animals having the granulocytopenie condition, showed marked granulo- 


eytopoietie activity. 


The results are shown in Table I. 


n 

oe tL 

l $/ 9/35 
$/ 9/35 
4/10/35 
4/11/35 
4/12/35 
4/13/35 
$/15/35 
4/16/35 
$/17/35 

2 $/ 9/35 
4/ 9/35 
$/10/35 
4/11/35 
4/12/35 
4/13/35 
4/15/35 

3 4/ 9/35 
4/10/35 
4/12/35 
4/13/35 
4/13/35 
$/15/35 
4/16/35 
4/17/35 
4/18/35 

4 5 6/35 
d/ 7/35 
5/ 8/35 
5/ 9/35 
5/10/35 
5/10/35 

P.M 

5/11/35 
5/13/35 
5/14/35 
5/15/35 
5/17/35 
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RESULTS ON P-1] 
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PO 5 e.e. P-1 8.500 45 2 - l 45 7 
PO 5 ee. P-1 9,700 51 o 1 3 33 10 
PO 5 e.e. P-1 9,000 50 } 40 6 
D 
N 8.750 17 6 l l 32 13 
O 
PO 7.200 16 ] l 71 1] 
PO 5 ee. P-1 8,750 16 3 l 1 70 9 
PO 5 ee. P-1 = 15,500 57 3 28 12 
PO 5 ec. P-1 9,050 48 } ] 39 8 
PO 5 e.c. P-1 9,000 50 3 2 2 1 6 6 
D 
*N 8.700 46 2 l l 40 10 
oO a 53 - . 
PO - 10,000 30 8 1 l 45 15 
PO 9,050 3 3 4 - 53 7 
PO 5 e.c. P-I 5,100 7 1 . . - 82 10 
PO 5 ee. P-1 8.900 40 5 3 1 1 41 9 
PO 5 e.c. P-1 7,500 51 5) 1 1 34 10 
PO 5 ec. P-1 9,000 56 ] 2 l 27 3 
PO 5 ec.e. P-1 9,300 49 5 1 1 40 4 
D 
N 9,350 45 l 3 2 46 3 
N 9,950 50 3 1 1 - 42 3 
O * = 7 : 
PO 4,050 17 9 1 . 65 8 
PO 10 ee. P-1 2.500 4 10 2 3 - 70 11 
PO 6,000 40 2 4 ] 1 45 7 
PO 10 ee. P-1 4,550 19 ] , 2 59 16 
PO 10 e.e. P-1 8,500 47 2 - - 41 10 
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PO 10 ee. P-1 7,050 48 3 ~ - 1 38 10 
PO 10 e.e. P-1 8,600 50 - 6 - - 1 37 6 
D 
*N, normal; O, operated; PO, posteperative; D, discontinued. 


Preparation 2 (P-2)—Two kilograms of bone marrow were saponified ex- 
actly as described under Preparation 1. One liter of distilled water was added 
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8/19/35 
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to the saponifying solution, and after shaking thoroughly, 1 liter portions were 
extracted with 500 ¢.c. of petroleum ether (boiling point 40° to 50° C.). After 
the ether layer separated out, the underlying soap solution was drawn off. When 
all the saponifying solution was thus extracted, the petroleum ether solution 
was resaponified with 3 liters of 3 per cent alcoholic potassium hydroxide at 
room temperature for twenty-four hours. The soap formed by this procedure 
was insoluble in the liquid medium and was easily separated by filtration aided 
by suction. The soap was washed 3 times with 50 ¢.c. portions of petroleum 
ether. The addition of 1 liter of distilled water to the filtrate caused the forma- 
tion of 2 layers. The upper layer was saved and the lower discarded. One liter 
portions of the petroleum ether solution were washed 5 times with 100 ¢.c. of 
40 per cent aleohol; when all of the ether solution was thus washed, it was col- 
lected and distilled off under diminished pressure at 30° C. The resulting 
product had a slight cloudiness, but after filtering through a layer of asbestos 
it remained clear. Twenty grams of the concentrate were obtained from the 
original 2 kg. of bone marrow. 

This concentrate was a brilliant amber, oily liquid, being odorless and im- 
parting a faint oily taste. The specifie gravity was 0.8276. It gave a neutral 
reaction to phenolphthalein, a negative test for sterols, and it was soluble in 
95 per cent aleohol, ether, petroleum ether and chloroform. When this substance 
was administered intramuscularly to animals which showed a condition of 
granuloeytopenia, a marked granulocytopoietie activity was observed within 
four hours. 

The results are given in Table IT. 

Etiology of Granulocytopenia.—Since the disease granuloeytopenia was first 
described in Germany in 1922° and in the United States in 1924,° many ef- 


forts®?° have been made to determine its cause. Many theories of the etiology 


8 


of this disease have been advanced, namely, dietary deficiency,” * hormonie 


dysfunction,®'* use of certain coal-tar derivatives,'’*" and bacterial infection."*~° 


METHODS OF PRODUCING GRANULOCYPTOPENIC CONDITIONS EXPERIMENTALLY 


1. Chemical Method.—Granuloeytopenie conditions could not be produced 
in rabbits and rats by the administration of hydroquinone, amidopyrine, or 
benzene. 

2. Bacterial Method.—The procedure used was a modification of the method 
deseribed by Dennis.** Ten ecubie centimeters of a twenty-four-hour eulture of 
Staphylococcus aureus were placed into a Naturalamb skin sae which had been 
moistened with distilled water. The open end of the sae was sealed by tying with 
a linen thread. The outer surface of the sae was sterilized by immersing several 
times in 70 per cent alcohol. 

The normal total and differential leucocytie counts were determined on 
each animal. The rabbits were starved for twenty hours before the operation. 
A light ether anesthesia was administered, and the peritoneal cavity was exposed 
by ineision, care being exercised to maintain aseptic conditions. A sac, pre- 
pared as described above, was placed into the lower part of the peritoneal cavity. 
The peritoneum and abdominal wall were sutured with plain catgut. Metal 


clips were used on the skin. A bandage was applied and held in position by a 
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binder. Blood for the counts was obtained from the marginal vein of the ear, 
and the smears were stained by Wright’s method. 

The granulocytopoietie effect produced by this procedure was determined 
by making total and differential leucocytie counts. The results of these counts 
were used as the eriterion of the effects produced on the granulocytopoietic 
system by the bone marrow concentrates. 

Forty-six rabbits were prepared according to this method. Of this num- 
ber 17 developed a condition of granulocytopenia, 9 died without showing any 
change in the leucoeytie picture, and 20 recovered without any apparent ill 
effects. 

Rabbits 1, 2, 3 and 4.—Rabbits 1 and 2 (males) and 3 and 4 (females) each 
weighing about 2.5 kg. were prepared according to the method deseribed. All 
developed the granuloeytopenie condition and reeovered upon daily oral ad- 
ministration of P-1. 





The data are given in Table T. 

Note: In these Tables the cells termed as polynuclear neutrophiles, degen- 
erated, were polynuclear neutrophiles characterized by disintegration of the cell 
membrane and eytoplasm (presence of vacuoles) and a distortion of the nucleus. 
These cells stained very poorly. 

Rabbits 5, 6,7, 8, and 9.—Rabbits 5, 6 and 7 (females) and 8 and 9 (males) 
each weighing approximately 2.8 kg. were prepared as described. Rabbits 5 and 
9 did not develop a typical condition of granuloeytopenia. The second day after 
the operation Rabbit 5 had a total leucoeytie count of 31,000 and Rabbit 9, 
21,900. In both eases only a few normal polynuclear neutrophiles could be 
found. The animals were given 0.1 ¢.c. of P-2 intramuscularly daily for six 
days. At the end of this period, the blood picture of each animal returned to 
normal, and they showed apparent recovery. Two days after the operation 
Rabbits 6, 7, and 8 developed the granulocytopenie condition. Rabbit 6 was 
viven 0.5 ¢.c. and Rabbits 7 and 8, 0.1 ¢.c. of P-2 intramuscularly daily for four 
days. At the end of the four-day period, the animals showed a normal blood 
picture and appeared to be in good health. 

The data are shown in Table II. 

Observations on the Absorption and Local Reaction of P-2.—Twelve full- 
erown rats and 3 rabbits were used. The right leg of each animal was shaved 
and the skin was cleansed thoroughly with soap and water. Under aseptie eon- 
ditions 0.2 ¢.c. of P-2 was injected into the muscle of the leg daily for four days. 
Kach injection was made at the same site. 

The injections did not cause any local reaction as manifested by the absence 
of redness, swelling, and restlessness in the animals. Four days after the last 
injections were made the animals were killed, and upon autopsy the muscles 
into which the preparation was injected showed no gross abnormality. This 
indieates definitely that this substance is easily absorbed when injected into an 
animal intramuscularly. 


DISCUSSION 


From these studies, it is evident that by saponifying yellow bone marrow 
with aleoholie potassium hydroxide at room temperature it is possible to isolate 
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fractions which appear to possess granulocytopoietie properties. As described 
under Preparations 1 and 2, the active fractions were isolated by two methods, 
namely, by separation with distilled water and by petroleum ether extraction. 
The former method affords a comparatively simple means of separation. How- 
ever, by the latter method it is possible to obtain the fraction in a more con- 
eentrated form. In addition, the foregoing data show that Preparation 1 is 
active when administered orally, and that Preparation 2 is active when admin- 
istered intramuscularly to rabbits in which a condition of granuloeytopenia was 
produced experimentally. Although a very highly active concentrate was pre- 
pared, it will be necessary to conduct further studies on the purification and 
concentration, before any suggestion of chemical composition can be made. 

In this work, attempts to produce granulocytopenie conditions in rabbits 
and rats by the use of hydroquinone, amidopyrine, or benzene were unsuccess- 
ful. Consequently, a modification of the method employed by Dennis'® was used 
and proved to be satisfactory. Although the condition obtained by this pro- 
cedure may not be identical with that in human beings, it affords a convenient 
laboratory method of demonstrating the granulocytopoietie activity of yellow 
bone marrow concentrates. 


CONCLUSION 


Highly concentrated fractions, possessing granuloeytopoietie activity, were 
prepared from yellow bone marrow. 


I wish to express my thanks to Dr. C. A. Hoppert and Dr. C. W. Geiter for their interest 


in this work and for their helpful advice and criticism. 
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A COMPARISON OF THE DIRECT VERSUS THE INDIRECT METHOD 
OF ESTIMATING THE LIPID COMPOSITION OF THE 
RED BLOOD CELLS* 


ELpon M. Boyp, Kinaston, ONTARIO, CANADA 


HE role of the red blood cells in lipid metabolism is a difficult one to 

evaluate. On the one hand there is evidence that the erythrocytes may play 
a prominent part, but evidence of a contradictory nature suggests that they 
are inert. The point of present practical importance is that the lipid content 
of the red blood cells is not the same as that of plasma or serum and that when 
changes occur in plasma or serum these same changes do not oceur in the red 
blood cells. As a result the lipid analysis of whole blood alone may fail to re- 
veal any marked abnormality when actually opposite changes of significance 
have taken place in the cells and plasma. In any complete investigation both 
the cells and plasma should be examined; if only one value is determined then 
plasma or serum is to be preferred to whole blood. 

In a number of conditions the lipids of the red cells have been found to 
remain unaltered in spite of marked changes in plasma and on the basis of this 
information the cells have been considered to be inert in fat metabolism. This 
has been shown in the persistent lipemias of diabetes, pregnancy, and chronic 
hemorrhage.’ Wendt'? reported that a fat meal caused an increase in plasma 
lipids but not those of the erythrocytes. Boyd* and Boyd and Fellows" have 
presented data which demonstrates that although the lipid composition of 
plasma differs markedly between man, rabbits, and guinea pigs, yet the lipid 
composition of the red blood cells is the same in all three species. 

In other investigations the red cells have been found to take a prominent 
part in lipid metabolism, and this information is sufficient to warrant their 
inclusion in any serious, complete study of the blood lipids. In the first place, 
loor? has shown that a copious meal of fat produces an increase in the eellu- 
lar lipids. Boyd and Tweddell'® found that the ordinary meals do not appre- 
ciably affect the lipids of the red cells but that certain curious changes occurred 
in the early morning hours between midnight and rising. In fever® the con- 
centration of lipids in the erythrocytes varies oppositely to that of plasma, 





*From the Department of Pharmacology, Queen’s University. 
Received for publication, January 11, 1936. 
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suggesting the red cells exert a sort of buffer action. Ether anesthesia‘ affects 
chiefly the red cells. Boyd and Wilson® have shown that lipids are carried by 
umbilical blood from the placenta to the fetus; in unpublished experiments, 
the author has found that this transport may be effected in part by the red 
blood cells. Last it may be noted that following parturition in women there 
sets in a momentary increase in the lipid content of the red cells.° 

The lipid content of the red cells may be estimated directly by removing 
the cells from below the supernatant plasma after centrifuging the blood or 
indirectly from concurrent analyses of whole blood and plasma in conjunction 
with the hematocrit reading. Both of these methods are at present employed 
and frequently the results of one investigator using the direet method have 
been compared with those of another using the indirect. Ience, it was de- 
sirable to know which of these methods is the more exact and whether they 
gave different results. 

The technie of the indirect consists simply in making the usual Bloor ex- 
tract or other common extract of both whole blood and plasma. The teehnic 
of the direet method has been less thoroughly deseribed. In doing direct anal- 
yses, the sample of oxalated blood is thoroughly centrifuged for about three- 
quarters of an hour or until the red cell layer has become translucent. This indi- 
cates that the interstices between cells have been displaced and that the cells 
are squarely packed and contain little or no plasma. Two cubic centimeters of 
these cells are pipetted off with suction if necessary and transferred to a 125 
e.c. Erlenmeyer flask and the cells laked with a minimum amount of distilled 
water (about 1 ¢.e.). Then about 60 ¢.e. of aleohol-ether (3:1) are quickly 
poured in and the whole immediately and thoroughly shaken. The flask may 
have to be shaken again at short intervals to prevent clumping of the precipi- 
tated proteins. If, in spite of this, clumping occurs, the adherent mass must be 
removed, ground in a cleaned mortar with cleaned, sharp sand and then quan 
titatively transferred back to the original flask. Extraction is incomplete un- 
less the precipitate is finely divided. The remainder of the extraction and 
analysis may be performed as previously described for plasma.” * 

In this manner the lipid composition of the red blood cells was determined 
directly and indirectly in 10 normal men, collecting the specimens of blood 
under fasting conditions. The results obtained have been depicted in Table |] 
in the form of means with standard deviations. The standard deviation was 
calculated by means of a formula previously used.2. The percentage standard 
deviation was calculated by dividing the standard deviation by the mean and 
multiplying by 100. To conserve space, individual values will be summarily 
described rather than tabulated. 

With almost every lipid the results were higher by the indirect than by 
the direct method. In 8 out of 10 eases neutral fat was higher, in 7 out of 10 
the total fatty acids were higher, in 6 out of 10 the total cholesterol was higher, 
in 5 out of 10 the ester cholesterol was higher, in 7 out of 10 free cholestero! 
was higher, and in 6 out of 10 phospholipid was higher. In most of the cases 
where the results were lower by the indirect method the differences were 
slight, while when they were higher they were usually considerably so. As 
result practically all the mean values were higher by the indirect than by 
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the direct method. It is thus not permissible to compare relative lipid values, 
some done by the direct and some by the indirect method of analysis. 

The direct method was finally adopted in preference to the indirect after 
a consideration of the percentage standard deviations as listed in Table I. It 
may be noted that the percentage standard deviations were higher, sometimes 
by as much as three times, with the indirect than with the direct method. This 
signified that there was much greater variation among values obtained by the 
indirect method, a fact which was quite apparent from tables listing the in- 
dividual values. Sinee values obtained by the indirect method are calculated 
from at least three sets of analytical figures, the experimental error involved 
is probably quite sufficient to account for this variation. 

Further evidence in support of the superiority of the direct method was 
the fact that several ‘‘impossible values’’ were obtained by the indirect method 
and none by the direct. That is to say, the sum of the values for free choles- 
terol and ester cholesterol was greater than that of total cholesterol in three 
instances by the indirect method. In two other instances the total fatty acid 
value was less than the ealeulated sum of the individual fatty acids. As a 
result of these considerations, it was coneluded that the direct method is to be 
preferred in the determination of the lipid composition of the red blood eells. 
This conclusion applies not only to the lipids in toto but to any one individual 
lipid such as total cholesterol. 


TABLE I 


A STATISTICAL COMPARISON OF VALUES FOR LIPIDS IN THE RED BLoop CELLS AS DETERMINED 
Botu By THE DIRECT AND By THE INDIRECT METHODS IN 10 NoRMAL MEN 























(EXPRESSED IN Ma. PER 100 c.c.) 
2 — : mi asi ma ieed . PERCENTAGE STANDARD 
MEAN OF 10 CASES STANDARD DEVIATION eocyenbeotey 
DEVIATION 
LIP si ee = NR a 
iD DIRECT INDIRECT DIRECT | INDIRECT DIRECT INDIRECT 
METHOD METHOD METHOD METIHIOD METHOD METHOD 
Total fatty acids 275 297 37 | 117 14% 40% 
Neutral fat 27 54 31 80 115% | 148% 
Total cholesterol 150 158 19 oe 13% 20% 
Ester cholesterol 28 27 2) 23 71% 85% 
Free cholesterol 124 138 18 98 14% 204 
Phospholipid 356 $24 17 145 13% 34% 


SUMMARY 


The lipid composition of the red blood cells of ten normal men was esti- 
mated directly and indirectly by oxidative micromethods. In the majority of 
instances higher values were obtained by the indirect than by the direct 
method. The experimental error was found much greater by the indirect 
method which also gave more mathematically impossible values. Hence, it was 
coneluded that the direct method is to be preferred in the determination of 
any one or all of the lipids present in the red blood cells, and that results ob- 
tained by one method cannot be compared with those obtained by the other. 
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BLOOD CHOLESTEROL AND THE MANIC DEPRESSIVE PSYCHOSIS* 
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HOLESTEROL is one of the most important constituents of cells, particu- 
larly cells of the central nervous system. It is important because it ean, 
and does, exert much influence upon cellular metabolism, and, therefore, upon 







































body metabolism in general. Although it has received much attention in many | 
physiologic and pathologie conditions, it has been grossly ignored and neg- 
lected in mental disease. This is rather astonishing when one considers the 
fact that nervous tissue possesses an abundance of this chemical substance } 
and that exclusive of its water content the brain is composed of about one- ‘ 
half lipoids of which over 25 per cent is cholesterol. With cholesterol com- ] 
posing the brain to this extent, neglect of its study, particularly in relation : 
to mental disease, is almost heresy. : ] 
This paper is the preliminary report of a study of the blocd cholesterol I 
in one type of mental disease, the manic depressive psychosis. 
In it will be considered the relationship existing between this chemical 
substance and the manic depressive psychosis, the manic phase, the depressive 
phase, and the state of mental and physical activity of the individual. m 
SURVEY OF LITERATURE ; 
Pighini' studied seven cases of manic depressive psychosis and found the ce 
blood cholesterol to be increased. Tsuchiya? in his cases obtained only normal m 
values. In the four cases of melancholia with anxiety examined by Targowla, to 
Badonnel and Berman®* the blood cholesterol was reported as high. Parhou dt 
and Parhon* stated that in their four cases of melancholia the values were th 
below normal. In Ornstein’s® cases the blood cholesterol was increased; in lin 
*From the Psychiatric Clinic, Boston State Hospital. no 
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Jacobi’s® cases it was decreased; and in Stenberg’s* fourteen cases the blood 


cholesterol was definitely above normal. The average blood cholesterol in 
the six manie depressive cases reported by Gibbs* was 162.7 mg.; in the five 
depressions reported by Slight, Long and Salter® it was 239 mg.; and in the 
manie depressive and involutional melancholia cases reported by Duncan!’ it 
was 199 mg. and 216 mg., respectively. The literature on the relationship 
of blood cholesterol to this psychosis is thus obviously inadequate and con- 
flicting. Further work is certainly needed to clarify this field and to stabilize 
the facts therein. 
PROCEDURE 


The individuals used for this work were established clinically as manic 
depressive. In each individual there was no demonstrable pathology other 
than the psychosis. This type of restriction was adhered to because there are 
certain pathologic states which of themselves would produce hypercholestero- 
lemia or hypocholesterolemia, and it was felt that should individuals with 
pathology other than the psychosis be admitted to the group the results would 
not be reliable. From each individual was drawn by venipuncture, under 
sterile conditions, 5 e¢.c. of blood which was placed in a sterile oxalate tube, 


1 


gently mixed with the oxalate, and placed in an ice box at 10° C. Tubes 
containing clotted blood were discarded. The blood for the controls was 
obtained from individuals, not patients, who were normal mentally and 
physically. The method used to estimate the blood cholesterol was a modified 
Myers-Wardell.1! Duplicate estimations were made on each individual and 
the average used in each instance. 

The mental and physical activity was evaluated thus: Mental Activity: 
State of cerebration, intellectual, emotional, and spatial. Increased: Irrita- 
bility, quarrelsomeness, flight of ideas, distractability, agitation, active depres- 
sion, active confusion and perplexity, active delusions and_ hallucinations. 
Decreased: Mental stupor, poverty of, or decreased cerebration. Physical 
Activity: State of bodily orientation with respect to a given point in space. 
Increased: Restlessness, active mannerisms, running, fighting, ete. Decreased: 
Inactivity, physical stupor, physical apathy, or depression. 


RESULTS 


This study consists of 71 cases of manic depressive psychosis and 53 nor- 
mal individuals. The distribution of blood cholesterol values is shown in 
Table I. The range of the normal group is 110 to 195 mg. with a mean 
value of 148 + 1.7 mg. and median value of 150 mg. There are 20 (37 per 
cent) cases below the normal mean and 34 (62.9 per cent) above the normal 
mean. The range of cholesterol values in the manic depressive group is 50 
to 428 mg. with a median value of 104.6 mg. The mean value is not computed 
due to the unbalanced distribution of blood cholesterol values. In this group 
there are 40 (56 per cent) cases with blood cholesterol values below normal 
limits, 14 (19.6 per cent) cases above and 17 (23.8 per cent) cases within 
normal limits. There are 49 (68.6 per cent) cases below the normal mean and 
21 (29.4 per cent) above the normal mean. From these figures it is quite 








242 THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


evident that only slightly less than one-fourth (23.8 per cent) of a total of 
71 manic depressive individuals had blood cholesterol values within normal 
limits. As a group the manic depressive cases, therefore, present rather over- 
whelming evidence of abnormal cholesterol metabolism. 


TABLE I 


DISTRIBUTION OF BLOOD CHOLESTEROL VALUES IN NORMAL, MANIC AND DEPRESSIVE CASES. 
INDIVIDUALS GROUPED IN 10 MG. INTERVALS 


NORMAL NO. MANIC NO. DEPRESSIVE NO. 





VALUES CASES VALUES CASES VALUES CASES 
110-120 3 50-60 l 50-60 l 
120 4 60 1 70 2 
130 6 70 2 80 4 
140 Ss 80 3 90 3 
150 ll O0) 9 100 2 
160 10 100 12 110 1 
170 5 110 2 120 1 
180 5 120 I 140 1 
190 l 140 l 150 3 
Total 53 160 1 160 3 
33 200 2 
210 2 
220 2 
240 l 
250 1 | 
260 l : 
PSO l i 
300 l 
320 l 
330 1 | 
420 l , 
oi i 
38 ( 
d 
If the manic (33 cases) and the depressive (38 cases) groups are studied ¢ 
separately a similar although definitely altered picture is seen. In the manic a 
group 28 (84.8 per cent) of the cases have cholesterol values which are below 
the limits of normal, and 5 (15.1 per cent) cases within it, and 5 (15.1 per p 
cent) cases above it. In the depressive group there are 12 (31.5 per cent V 
eases with blood cholesterol values below normal, 12 (31.5 per cent) cases W 
within normal limits, and 14 (36.8 per cent) cases above normal limits. The 4: 
median value for manic cases is 100.4 mg. and for the depressive, 150 mg al 
It is, therefore, obvious that in the manic state there is a definite tendency au 
for the blood cholesterol values to be decreased and below normal, whereas a 
in the depressive cases there exists a fairly balanced tendency for the vaiues cr 
to be not only within normal limits but below and above it in the same al 
proportion. Briefly, 84.8 per cent of the manic cases and 68.3 per cent of 
the depressive cases have abnormal blood cholesterol values. This, too, is pl 
evidence of abnormal metabolism of a chemical substance which constitutes pa 
approximately 25 per cent of the lipoids of the brain. ac 
To complete the study the relationship between the blood cholesterol and ac 
the state of the mental and physical activity was examined (Table II). When by 


the physical activity alone is considered, whether increased (36 cases) or te) 
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decreased (24 cases), the median is quite low (98.5 and 110). Where the 
physical activity is increased, 62 per cent of the cases have blood cholesterol 
values below normal and 5.4 per cent of the cases have values above. Where 
the physical activity is decreased, 49.9 per cent of the cases have values be- 
low normal and 29.1 per cent above. 


TABLE II* 


CORRELATION OF BLOOD CHOLESTEROL AND TYPE OF MENTAL AND PHYSICAL ACTIVITY 


| : >. ie 6 P. D. coP.1. & P.D.&|IP.N. &|P.N 5 
PL PD. u.t. | op. PI. & PD. & P.1. & P. dD. & |P.N. &|1 & 
|M.I. | M.D | M.D. | M.I. | M.I. | M.D. 


Median 98.5 | 110.0 | 110.0 | 115.0 | 105.0 | 115.0 

Per cent below N 62.1 49.9} 65.7 48.5| 64.3 47.3 56.8 60 | 75 | 42.6 
Per cent within N 29.7 20.8 26.3 21.2) 32.1 21.0 | 28.4 20 | - | 14.2 
Per cent below N mean) 78.3 62.4 78.9 | 60.6 78.5 57.8 | 85.2 80 | 75 42.6 
Per cent above N 5.4 29.1 7.9) 30.3) 3.6 31.5| 14.2 20 25 | 42.6 
Total cases 36 24 38 33 28 19 7 5 4 | 7 


Abbreviations used: P, Physical activity; M, mental activity; I, increased; N, normal; 
D, decreased, 


In those cases where the mental activity is increased (38 cases) or de- 
ereased (33 cases) and considered alone, the median is low (110 and 11d). 
Where the mental activity is increased, 65.7 per cent of the cases have blood 
cholesterol values below normal and 7.9 per cent above; where the merital 
activity was decreased, 48.5 per cent are below normal and 30.3 per cent 
above. 

In those cases where both the mental and physical activity are increased 
(29 cases) or decreased (19 cases), the median value of the blood cholesterol 
is low (105 and 115). Where both the mental and physical activity are in- 
creased, 64.3 per cent of the cases have blood cholesterol values below normal 
and 3.6 per cent above. Where both mental and physical activity are de- 
creased 47.3 per cent of the cases have blood cholesterol values below normal 
and 31.5 per cent above. 

There are seven cases where the mental activity is decreased and the 
physieal activity increased. Of these, 56.8 per cent have blood cholesterol 
values below normal and 14.2 per cent above. There are, also, seven cases 
where the mental activity is decreased and physical activity normal. Of these, 
42.6 per cent have blood cholesterol values below normal and 42.6 per cent 
above. In four eases where the mental activity is increased and the physical 
activity is normal, 75 per cent have blood cholesterol values below normal 
and 25 per cent above. And in five cases where the mental activity is in- 
creased and the physical activity decreased, 60 per cent are below normal 
and 20 per cent above. 

Therefore, in the manic depressive psychosis characterized by increased 
physical or mental activity or both, there is a definite tendency to an accom- 
panying low blood cholesterol. Where there is an increased physical state 
accompanied by a decreased mental state there is a definite tendency for an 
accompanying low blood cholesterol. Where the psychosis is characterized 
by a decreased physical or mental activity or both there is a less definite 
terdeney for an accompanying low blood cholesterol, but rather a tendency 
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for the values to be above and in the normal range. These findings are in 
accordance with the observations where, in the manic depressive group as a 
whole the median is definitely low, in the manie group the median is definitely 
low, and in the depressive group the median indicates a range of values, low, 







normal, and high. 
These results may be questioned on the basis of the possible existence of 





factors other than the psychosis which may have been present to alter the 
blood cholesterol. Since the literature indicates that the blood cholesterol is 






increased in manic depressive psychoses, an attempt was made to determine 





whether pathologie entities other than the psychosis were present in the manic 
depressive cases. The results of this part of the study were entirely negative. 






No relationship could be demonstrated between blood cholesterol and clinically 





observed body type (medians: Pyknie 105.7 mg.; asthenie 103.3 mg.; and 
athletic 110.0 meg.) or state of abnormal nourishment (medians: obese 110 






me.; and undernourished 120 meg.). Albumin, indiecan, or aeetone in the 





urine of some of the individuals apparently had no significance that could be 
demonstrated relative to the cholesterol. No relationship could be established 
between abnormal blood cholesterol and hemoglobin. erythrocyte count, or 






leucocyte count; nor could any relationship be established correlating blood 






cholesterol and systolic, diastolic, or pulse pressures. 







DISCUSSION 







The cases of manic depressive psychosis presented in this study can be 
divided roughly into three groups, viz., those with blood cholesterol (a) be- 
low, (b) above, and (¢) within normal limits. For the purpose of this paper 
the cases with a normal value can be ignored, except for the recognition of 
the fact that a certain number of eases (23.8 per cent) do have a_ blood 
cholesterol within normal limits. This leaves 76.2 per cent of the cases with 
abnormal values to be explained. This 76.2 per cent automatically subdivides 
itself into those cases with values above normal (19.6 per cent), and those 










with values below normal (56 per cent). 
Three-fourths of the cases of manic depressive psychosis have an abnormal 
blood cholesterol. And of these cases almost three-fourths have a blood choles- 







terol below normal. 
The number of cases with an abnormal blood cholesterol and the dis- 






tribution of this abnormality can hardly be due to chance. Since they must 
have some significance, the question naturally arises as to what it is that 
produces the abnormal blood cholesterol in these cases. At best, the most 
that can be done to answer the question at the present is to examine the pos- 







sible sources whereby an abnormal value is obtained. 

An increase in the blood cholesterol may be caused by (a) chronic liver 
disease, (b) diabetes mellitus, (c) arteriosclerosis, (d) lipoid nephrosis, (e 
glomerulonephritis, and (f) pregnancy. Inasmuch as these conditions are not 








present in any of the cases, they cannot be held responsible. 

A decrease in the blood cholesterol can be caused by (a) anemia, (b) inani 
tion, (c) infection, and (d) acute hepatic disease. Since these conditions ar 
not present in any of the cases they, too, cannot be held responsible. 
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In addition to these conditions which can alter the blood cholesterol, there 
are to be considered the endocrine glands, the autonomic nervous system, and 
the emotions. Although no clinical evidence of an abnormality of the first two 
is present, alterations in the endocrine and autonomie nervous system can exist 
without the presence of a measurable clinical syndrome. That the endocrine 
and autonomic nervous systems can alter the blood cholesterol has been shown 


many times both clinically and experimentally. And there is adequate evidence 


in this and the other papers! ?° that altered emotions are accompanied in many 
instances by abnormalities in the blood cholesterol. Likewise it is well known 
that there is a close alliance between the endocrine glands, the autonomic nerv- 
ous system and the emotions and that an alteration of one of these can affect 
profoundly the other two. It is very possible that the abnormality in the blood 
cholesterol in the manie depressive psychosis, is, to a certain extent, due to some 
imbalance of this triad. More cannot be said at this time, but further work in 
this field, it is hoped, will clarify the situation. 


SUMMARY 


1. A study of the blood cholesterol in the manic depressive psychosis is 
presented. 

2. Abnormal blood cholesterol values are found in 76.2 per cent of the 
ceases 

3. There is definite evidence that there is some correlation between the 


state of mental and physical activity and blood cholesterol. 
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ALBUMINURIA SOLARIS* 








A. GALAMBOst, M.D., AND W. MirreLMANN, M.D., New York, N. Y. 













MONG the various causes responsible for the anephritie albuminurias, there 
FA still are important sources hitherto unknown or unpublished. 





Albuminuria, as is well known, is not identical with nephritis, the same 
as glycosuria is not identical with diabetes. Most of the anephritice albuminurias 


are innocuous in character and usually transient in appearance. It is well to 






point out the existence of an oceasionally observed analbuminurie nephritis 







(per analogiam aglycosurie diabetes), in contrast to the anephritie albuminuria. 





As an illustration, classifying the heterogenicity of the various types of 
albuminurias, a quotation of the well-known textbook of Herman Strauss, 
entitled Die Nephritident may suffice. Strauss makes reference to the fol- 


lowing types of albuminurias: ‘‘accessory, accidental, alimentary, anaphylactic, 








constitutional, continuous, cyclic, ephemeric, extrarenal, fugax, hematogenic, 
innocuous, intermittent, lordotic, minimal, neurogenic, orthostatic, periodic, per- 







sistent, physiologic, renal, renopalpatory, spurious, toxic, transitory, traumatic, 
tubulogen’’; furthermore he speaks of albuminuria in: ‘‘anemie conditions, 
apoplectic insults, bacteriotoxie states, cachexias, cancer, delirium tremens, 
diabetes mellitus, dispositions, Graves’ disease, heart affections, icteric con- 
ditions, infectious diseases, metabolic disorders, passive congestions, thoraco- 
compressions, traumatism (microtraumatism due to phosphaturia, oxaluria, 
uricaciduria)’’; also during ‘‘pregnaney, parturition and puerperium; post- 
epileptic, premenstrual, pretuberculotic ; under emotional influences; in vago- 
tonie conditions; after cold bath; after a general cold, after fatigue or physi- 
eal strain, after marching or various sports or standing.”’ 











Under the term of ‘‘albuminuria solaris’? we would designate transient 
albuminurias caused by skin reactions resulting from the exposure to sunrays. 
This albuminuria is not a febrile albuminuria.’ Its occurrence is not bound to 
the presence of fever; its precondition is a strong skin reaction only. 






Under a sudden and unaccustomed exposure to sunrays, as is generally 
known, severe skin reaction will set in, but outside of the various degrees of 
burns on the skin exposed to the rays, general systemic reactions, such as 
chills, high temperature, general malaise, gastrointestinal symptoms, extensive 
herpes, ete., may follow. If albuminuria is observed under such conditions, 
this may range with the ‘‘albuminuria febrilis.’’ Fever from any cause 
is followed in the overwhelmingly largest proportion of the cases by the ap- 
pearance of albumin in the urine, called albuminuria febrilis, a condition, 
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characterized by a mild, transient albuminuria of the nephrosis type, persist- 
ing during the feverish period, without the appearance of red blood cells or 
of casts in the sediment, or without any noticeable impairment of the kidney 
function. Dermatitis solaris with fever may correctly be classified in this 
group. However, in albuminuria solaris albumin is detected in the urine also 
in the ‘‘afebrile’’ cases of the dermatitis solaris; in other words albuminuria 
will be noticed in cases with milder skin reactions, when general symptoms 
are hardly noticeable and, in particular, fever is absent. Albuminuria un- 
doubtedly serves, under such conditions, as a more sensitive accompaniment 
than the other generalized symptoms. In eases of albuminuria solaris albumin 
is detectable in the urine as long as new large areas of the skin are involved, 
characterized by the classical calor, turgor, rubor, dolor, and functio lesa, 
even though these syndromes are not strong enough to produce any noticeable 
fever or any other more marked general systemic reactions. 

The albuminuria lasts as a rule as long as new large skin areas are in- 
volved, usually for a few days, rarely longer than a week. As soon as the 
acuteness of the process fades away, the redness subsides, even prior to the 
peeling of the skin or brownish pigmentation, the albuminuria disappears. 

After one exposure to the sun, when the course of the albuminuria can 
best be seen and studied, one will notice that the albuminuria reaches its 
height after twenty-four hours to the exposure to the sun, and will remain 
unchanged for another twenty-four or thirty-six hours. Two or three days 
after the exposure, the albumin diminishes, until in another day or two it 
disappears entirely. 

According to the degree of the burns of the skin, the amount of the 
albumin may be quite noticeable, in fact, considerable, ranging around a level 
of a 4 or % pro mille, producing more than heavy traces, still with a negative 
finding in the centrifuged sediment. The albumin can be demonstrated with 
any of the usual methods (boiling of the acidified urine, the sulphosalicylic 
acid test, or Esbach’s reaction, ete.). 

The renal effect of the acute skin reaction, due to exposure to strong 
sunrays, is quite striking, the relative severity of the albumin reaction being 
out of proportion to the general systemic effect. 

A few illustrative cases demonstrating the presence, frequency, uniformity 
and eourse of the albuminuria, simultaneously describing the way of its first 
detection, should be recorded. 


A patient, A. D., fifty, white, male, who used to report for a periodic health examina- 
tion twice a year, and whose urine in the past proved always to be free of albumin, happened 
to report for a routine office examination on one of the warmest days of July in 1935, 
incidentally after his first seashore sunbath in that year. Although the acuteness of the skin 
reaction was quite conspicuous, there was no fever or general malaise, and the skin was free of 
blisters. The physical examination was negative, except for a very definite albumin reaction 
in the urine, a finding unexpected and unexplained. The centrifuged sediment was entirely 
negative. Patient was ordered to bed, put on a strict diet and a specimen of urine was re- 
quested for the following day, for examination. 

The specimen was brought to the office by the wife of the patient. She had a striking 
sunburn, the result of a similar sun effect, being in sharp contrast to her blond hair. The 
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color contrast involuntarily associated the idea of a possible coincidence between the sun 
effect and albuminuria, and she was asked to void some urine. To our surprise, the specimen 
showed, similarly, a definite albumin reaction, the same as her husband’s. 

The ‘‘experimentum crucis’’ of the test was then easy to produce. The couple had 
two children, fourteen and seventeen years of age, respectively, who were exposed to a similar 
sun effect, for the same length of time, and reacted with a similarly strong skin reaction. I 
requested a sample of urine from both of them, for immediate examination. They both con 
tained albumin in identical amounts, in more than heavy traces. The centrifuged sediment 
was negative. 

Thus four members of a family, being exposed under similar conditions, reacted with an 
equally strong skin reaction and exhibited albuminuria of a moderate, but marked, degree. 
Their regress and complete disappearance followed equally a uniform course. Urine specimens 
were received and examined daily. The maximal albumin reaction was found about thirty-six 
hours after the exposure. The albumin reaction of the following two days declined in in 
tensity. After another day or two, about five or six days in all, the last albumin traces dis- 


appeared, in all the four specimens, equally. 


The problem has, outside of its scientific significance, also some practical 


aspects. Without this knowledge, in many cases, when patients reporting for 


examination for any reason (to dispensary, to doctor’s office, to insurance 
companies) during a hot July or August day, twenty-four or forty-eight hours 
after an exposure to a strong sun, and albumin was found in the urine, the 
latter would improperly be evaluated as to its classification or significance. 

If, among others, H. 8S. Diehl and C. A. MeKinley* found in a group of 
20,000 young healthy men an incidence of albuminuria in 1,065 individuals 
(5.32 per cent), without the knowledge of albuminuria solaris, one eannot 
authoritatively state that the souree of the unknown or unexpected albumi- 
nuria, at least in a certain percentage of the cases, might not have been ex- 
plained in an eventual sun effect. This holds true of albuminurias of other 
etiology, where postural, emotional or any other cyclic or transient influences 
were found or supposed to exist. 


30 East NINETY-SECOND STREET 


*Diehl, H. S., and McKinley, C. A.: Arch. Int. Med, 49: No. 1, 1932. 





JUVENILE DIABETES MELLITUS* 


A Strupy or INSULIN-LIKE REACTIONS UNRELATED TO HYPOGLYCEMIA 


Henry M. Fermnsiattr, M.D., Brookiynx, N. Y. 
ASSISTED BY EpGar A. FERGUSON 


URING observations on the juvenile type of diabetes mellitus over a period 

of fifteen years, the senior author has been impressed with the frequent 
incidence of a group of insulin-like reactions unassociated with hunger and unre- 
lated to the amount of sugar or ketones in the urine or to the level of sugar 
in the blood. 

These reactions have varied from a momentary lapse of consciousness to 
epileptiform convulsions resembling grand mal. It was found through routine 
examinations of the urine that they occurred simultaneously with an alkaline 
tide in the urine, and that they could be relieved readily by an acid-produe- 
ing diet. 

LITERATURE 


The frequency of ketonurie acidosis in diabetes is too well recognized to be given spe- 
cial consideration here. The incidence of severe ketonurie acidosis in the nondiabetic has 
heen especially well recognized in this country. This was described by Edsall! in 1903, 
Hecker? in 1911, and Marfan’ in 1916 as ecyelie vomiting and a disease of childhood. The 
severity and acuteness of onset and the rapidity of its subsidence are its outstanding char- 
acteristics. The infrequency of coma and the contrast of symptoms with those of diabetic 
ketonuria indicate a basie difference in the character of the acidosis. The literature is woe- 
fully lacking in pertinent pathologie data concerning cyclie vomiting. The authors’ single 
postmortem observation showed extensive fatty degeneration of the liver with almost complete 
replacement of liver cells. There were no other findings. 

It has been assumed that the acidosis of nephritis is due to the failure of the kidneys 
to excrete the acid products of normal metabolism, causing phosphoric acid retention. Mar- 
riott and Howland4 in 1916 found a marked increase in the organie (acid) phosphate of 
the serum in nephritic patients with acidosis. Henderson and Palmers. 6 in 1915 found the 
ammonia (titratable acid) abnormally high. The incidence of nonketogenie acidosis in the 


diabetic may be aggravated by the underlying progressive degenerative lesions in the kidney 


tubule cells, The severity of this type of acidosis may be extreme, even fatal.7-10 


HISTORY 


In a careful review of the natural history of the juvenile diabetic, it was 
hoped that some relationship might be established between metabolic disturb- 
ances in earlier life and the onset of the diabetes. Because of the frequency of 
eyelie vomiting in diseases of children, detailed historie references were made 

*From the Kings County Hospital, Department of Medicine. 
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This report is based on study of a group of forty case sof juvenile diabetes selected from 
out-patient clinic at the Kings County Hospital. The patients were seen at regular inter- 
ils, at which time their weekly supply of insulin was replenished gratuitously. 
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to determine if such a relationship could be established and to trace it where 
possible. In this group, no patient gave a history of having had eyclie vomit- 
ing or any other serious metabolic upset prior to the incidence of his diabetes ; 
nor could I find any such ease in my private practice. 

In the group, the most common childhood disease outside of measles was 
whooping cough, which occurred in 14 of the 40 eases. Thirty-three per cent of 
the males and 36 per cent of the females were Jews. In 2 of the cases there 
was direct family history of diabetes occurring in the father, and in 6 cases in 
the collaterals. 

Obesity, with or without evident disturbances of fat metabolism, is a com- 
monly observed prediabetic state of the diabetic patient of middle age. In the 


juvenile type of diabetes, herein considered, this relationship does not exist. 
ENDOCRINE FACTORS 


The sex development in the juvenile group seems to be well balaneed. Three 
patients were diminutive and showed impaired growth. Two of these were given 
anterior pituitary extract in addition to insulin therapy with very little stimu- 
lation of growth. The tendency was toward lack of growth rather than exces- 
sive growth. The relation of the pituitary gland to the metabolism of the dia- 
betie will be considered in a future article. 


BLOOD CHEMISTRY 


Blood sugar readings in the group studied reached as high as 400 and 500 
mg. per 100 ¢.e. It is recognized that with dietetic regimen alone, blood sugar 
fluctuates most markedly.’ There was no relationship between the height of the 
blood sugar and the reactions described. 

The ealeium and phosphorus determinations of the group ranged from a 
low of 8.3 mg. per 100 e.e. of ealeium and 3.5 mg. of phosphorus to a high of 
12.1 ealeium and 3.14 phosphorus; and from a low phosphorus of 2.3 and 9.75 
ealeium to a high of 4.6 phosphorus and 11.1 ealeium. The diabetic caleium- 
phosphorus ratio showed no variation from the normal or average readings. 

INSULIN DOSAGE 

The insulin preparations used were straight beef extracts, and the mixed 
extracts were obtained from beef, sheep, and pig. The mixed pancreatic extracts 
appeared to give more satisfactory results than the straight beef extract, but the 
preparations used seemed to bear no relation to the reactions under considera 


tion. The dosage varied from a minimum of 20 units a day to a maximum of 


141 units, the average daily dose being 6114 units. Of the group exhibiting 
reactions, one was receiving 20 units daily, one 44 units and the others ove! 
50 units. 

The occurrence of reactions unaccompanied by hypoglycemia has been de 
scribed. In this group, there was no relationship between the brand and dos: 
of the insulin. However, the possibility of some other factor in the insulin can 
not be eliminated. 
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REACTIONS UNRELATED TO HYPOGLYCEMIA 


The oceurrence of reactions unaccompanied by hypoglycemia in the ease of 
a woman aged fifty-nine vears has already been deseribed by the senior author.” 
Although insulin dosage ranged from 190 units to 400 units daily, there was 
persistent hyperglycemia with ketonuria and glycosuria. In this ease, the insulin 
failed to bring the blood sugar down to a normal level at any time; yet there 
occurred reactions, at times aecompanied by generalized twitehings and loss of 
consciousness, lasting as long as an hour. Obviously, the dosage of insulin was 
not an essential factor in the causation of these attacks. 

Of the group reported, 16 cases demonstrated the reactions deseribed, whieh 
ranged from a momentary lapse of consciousness to epileptiform convulsions. 
These reactions were not relieved by administration of sugar and were not asso- 
ciated with hypoglycemia; nor were they associated with skin manifestations, 
which would ordinarily oceur in the event of foreign protein reactions. 


PH OF URINE 


Determination of the hydrogen ion coneentration of the blood was consid- 
ered unreliable and impractical in this group of eases. A simple method of 
determining the pI of the urine by the use of an indieator solution was adopted. 
This was made up and supplied to the individual patient, who was instructed 
as to its use. The following formula was used: 


Methyl red 20 mg. 

3romthymol blue 40 mg. 

Ethyl alcohol 50 e.e. 
Add 

N/5 NaOH 2 CC. 

Distilled water 150 e.e. 

Five per cent phenol 20 e.¢. 


Technic.—F loat 6 drops of the test solution on half a test tube of urine. 
Color ring forming will be the same eolor as the urine for a neutral reaction, 
red for acid and green for alkaline reaction. 


pH 7.5 Dark green 

pH 7.0 Green 

pH 6.5 Same color as specimen 
pH 6.0 Red 

pH 5.5 Dark red 


Urines were tested several times during the day, but the highest point of 
alkalinity in these cases was reached in urines examined about 2 p.m. 


TREATMENT 


It was found that the alkaline tide in this group could be balaneed by an 
acid-producing diet and that such a dietary correction resulted in relief of symp- 
toms and reactions and simultaneous shift of the urinary reaction to the acid 
side. This dietetic treatment proved quite as effective as use of the ketogenic 


diet for idiopathie epilepsy in children. There were a few exceptions in cases 
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of patients who responded in the same way to administration of Fowler’s solu- 


tion, 3 minims twice daily. 

In regard to dietary control, the author has always felt and impressed upon 
the juvenile diabetie that the diabetes is a maladjustment rather than a serious 
disease, and that the condition is amenable to adjustment of diet and the use of 
insulin. The diets were made ample and the earbohydrate-fat ratio of 3 to 1 
was established. 

The value of the low calorie diet is that of a stepping-stone to the work diet 
or permanent diet. The work diet, as the name implies, forms the basis of the 


active life diet of the individual. 
REPORT OF CASES 


Full details of the 40 cases studied are omitted because of space limitation. 


The following case reports have been selected as most typical of the group: 


Case 1.—White male, English, twenty-two years of age, 5 feet 7 inches tall, weight 
154 pounds, had diabetes mellitus for four years. He was admitted to the hospital for middle 
ear infection, which cleared up spontaneously about two weeks after admission. 

Father died at forty-two years of age of pulmonary tuberculosis, and the mother now 
has active tuberculosis. The only previous diseases were whooping cough, measles, and 
chickenpox. Physical examination of the patient was essentially negative, except that 
electrocardiography revealed a picture of sinus tachycardia and myocardial damage. 

Ordered on a diet of: carbohydrates 60, proteins 50, fats 125, calories 1,600, with 30 
units of insulin; but violated rules and ate the same as the rest of the family. A check re 
vealed that the family ate about: carbohydrates 250, proteins 100, fats 120, calories 2,500. 
He was placed on this diet and 120 units of insulin, which maintained him with rapid gain in 
weight and strength. His blood sugar on admission was 410 mg. per 100 ¢.c. His fasting 
sugar was 213 mg. per 100 ¢.c.; and the blood taken two hours after breakfast, with insulin, 
was 150 mg. per 100 c.c. 

On discharge from the hospital he complained of attacks of dizziness not relieved by 
administration of sugar. The pH of the urine at 11:30 A.M. was 7.8. The average for the 
week taken at 2 P.M. was 7.5. 

The patient was placed on an acid carbohydrate diet of: carbohydrates 250, proteins 100, 
fats 120, calories 2,500, and has not complained of these symptoms since. When tested in the 


clinic, the urine pH at 11 A.M. was 7.0. 


CASE 2.—White female, Irish, aged ten years, height 4 feet 7 inches, weight 75 pounds. 
The mother and father are living. The mother has pulmonary tuberculosis, and the father 
has chronic alcoholism. 

The child was operated upon for a ruptured appendix in November, She has had 
scarlet fever, whooping cough, and measles. 

In August, 1933, the patient suddenly developed polyuria, loss of weight, thirst, hunger, 
weakness, and finally coma. As soon as diagnosis of diabetes mellitus was made, she was 
placed upon a diet of: carbohydrates 200, proteins 100, fats 100, calories 2,100, and 44 
units of insulin. She recovered quickly from coma. 

In the early summer of 1935, the patient had six attacks of amnesia and was mentally 
confused every day for a period of time around the noon hour. This condition was quickly 
relieved by food. On July 4, 35, she had an attack of convulsions. She suddenly began t: 
scream and shriek while at lunch. This was followed by throwing the head to the right, 
general convulsions, cyanosis, frothing at the mouth, and unconsciousness, lasting forty-five 
minutes. This attack was not relieved by administration of sugar or any medication. 

Following the attacks the urine was found to have a pH of 7.4 in the early afternoon 
The patient was treated with an acid carbohydrate diet and 4 minims of Fowler’s solution per 
day. The urine pH was found to be constantly 7.0. There were no further attacks. 
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The physical examination revealed atrophy of the muscles of both thighs and arms. This 
occurred at the site of injection of the insulin. The rest of the findings were essentially 
negative. 

CASE 3.—(Previously reported.13) H. M., Jewish boy, developed diabetes in the summer 
of 1923, when he was nine years of age. There had been a gradual loss of strength and weight 
and pain in the epigastrium. He was treated with insulin and diet and urine became sugar 
free. 

Unfortunately, he fell into the hands of a quack, upon whose advice insulin was stopped 
on Sept. 16, 1924, and a liberal diet was instituted. On September 18, patient was admitted 
to the hospital in a comatose state. He was given insulin, elyses, and blood transfusions. 
Improvement was progressive and rapid, and he was discharged from the hospital on Sep- 
tember 23. 

Dietetic regimen, on account of his low weight, was gradually changed. At the end 
of six months he was getting 2,000 calories: carbohydrates 200, proteins 85, and fats 100. 
Insulin was increased from 30 units daily to 22 units in the morning and 24 at night. Pa- 
tient was perfectly well except for occasional insulin reactions, although he had never been 
entirely free from glycosuria. Because each attempt to increase the insulin content resulted in 
insulin shock, patient was permitted to run glycosuria, once or twice daily, but there was at 
least one clear specimen during the day. 

He noticed while at college during the school year of 1931 that he was subject to 
temporary periods when there was a loss of memory. At these times his school notes were in- 
complete. The state of unconsciousness was momentary and lasted at the most from one 
to four seconds. The lapses occurred in the afternoon between one and three o’clock. 
Urinary examinations made from one to three hours after these spells were positive for 
sugar, usually showing a trace. Blood sugar determinations were made repeatedly at this 
time of the day and on no occasion revealed hypoglycemia. 

On May 5, 1982, the character of the reactions changed and the patient developed 
definite epilepsy. Examinations of the urine immediately after this occurred were positive 
for sugar but alkaline in reaction. A second epileptic attack occurred on May 10, at which 
time urine examination also revealed presence of sugar and an alkaline reaction. Alkalinity 
was persistent for a number of days after this. 

July 7, patient again had epileptic attack. Examination of urine showed sugar pres- 
ent, alkaline reaction. Van Slyke CO. was 76. August 15, patient had an epileptic attack. 
September 17, epileptic seizure. October 22, there was another epileptic attack. During inter- 


vals in this period, patient again noticed the short lapses of memory. December 1, epileptic 


seizure. Patient was placed upon an acid-producing diet and was given Fowler’s solution. 
The insulin dosage was maintained and the diet was unchanged except for substitution of 
acid juices. 

He has been seen at intervals for the past three years and has had no complaints. 


There have been no repetitions of epileptic attacks. 


Case 4.—D. B. was first observed in November, 1925. He was then two years and three 
months. He was 3 feet 2 inches tall and weighed 30 pounds. His family history was nega- 
tive for diabetes. He was emaciated and complained of thirst and frequency of urina- 
tion. Two months prior to illness he had had an attack of tonsillitis and during the three 
weeks prior to observation showed evidence of marked thirst and polyuria. Urine sugar was 
} per cent and blood sugar was 240 mg. per 100 ¢c.c. Ketonuria was present. 

He was placed upon a diet of carbohydrates 80, proteins 50, fats 56, and given 6 units 
of insulin morning and night. The diet was gradually increased and the insulin dosage was 
maintained. 

October, 1927, the patient had enlargement of the liver. He felt well and was active. He 
had exhibited insulin shock reactions with this small dosage of insulin. April, 1930, weight 
was 40 pounds; height was 3 feet 3 inches. There was an increase of only 114 inches in five 
years. At this time, his twin brother developed pneumonia and died three hours after onset. 

In 1931, insulin dosage was increased to 8 units morning and night. His brother, only 
four and one-half years old, was taller and stronger. It was during this interval that the 
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patient developed periods of petit mal; urinary sugar was present during these attacks. They 
would occur at intervals of every two or three weeks. These attacks interfered with the 
child’s attendance at school. Examination of urine at these times revealed an alkaline tide 
which persisted in spite of dietetic replacement. Fowler’s solution was administered, 
minims twice a day. The spells ceased after two weeks of administration. At this time the 
child was taken to Pittsburgh. 

December, 1935, patient weighed 50 pounds and was 4 feet 1 inch tall. Mother reported 
that the child had had no spells as heretofore described and he was now being given the pitu- 
itary growth hormone. He was 4 feet 1 inch tall and weighed 50 pounds, while the younger 
brother was 4 feet 4 inches tall and weighed 60 pounds. 

CAsE 5.—Male physician, aged twenty-four years, developed diabetes at the age of 
nineteen years. It was discovered upon examination of the urine. He was 5 feet 5 inches 
tall and weighed 130 pounds. He had severe whooping cough when a child. His father had 
died of diabetes at the age of 51. Two brothers aged 26 and 27, respectively, had diabetes. 

He was placed upon a diet of carbohydrates 260, proteins 80, fats 140, without insulin. 
Between 11 A.M. and 1 P.M. he observed reactions during which he would perspire freely and 
tremble. There was inability to concentrate. This was not associated with hunger. 

During one attack, the blood contained 200 mg. of dextrose per 100 ¢.c. Urine examined 
at these times showed marked alkaline reaction ranging from pH 7.0 to pH 7.5. Diet was 
changed and acid-producing fruit substituted for the alkaline-producing, with complete 
alleviation of these symptoms and a change in the urinary reaction from alkaline to neutral 
and acid. 

SUMMARY 


In a series of 40 eases of juvenile diabetes mellitus, insulin-like reactions, 
unrelated to hypoglycemia, were observed in 16. In many eases the reactions 
resembled attacks of petit or grand mal. Of uniform occurrence in these cases 
was a definite alkaline tide, the alkaline pH of the urine reaching its peak about 
2p.m. An acid-producing diet proved remarkably effective both in bringing the 
reaction of the urine within the acid range and relieving the insulin-like reac- 


tions of epileptiform seizures. Administration of small doses of Fowler’s solu- 


tion often had a similar effect. 
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IDIOPATHIC AMYLOID DISEASE OF THE HEART* 


A. J. Kerwin, M.D., Toronro, CANADA 


HOUGH *‘‘ waxy”’ or ‘*lardaceous’’ disease was recognized before Virchow’s 


time, these terms referred to a variety of ill-defined conditions many of 


which would probably not be so classified today. He, it was, who in 1853 dis- 
covered that organs containing the substance which he named ‘‘amyloid,’’ 
possessed a characteristic staining reaction with iodine and sulphurie acid. 
Since that time numerous studies and case reports on amyloidosis have appeared 
in the literature, and the subject has been attacked from many different angles. 
In spite of these investigations, the exact nature of amyloid is still a matter 
of dispute,” but it seems certain that its composition varies in different cases 
and even in different organs. 

Most observers agree that amyloidosis is now much less common than in 
the past. This deerease they attribute to improvement in the treatment of 
the chronie suppurative diseases which, in some fashion still undetermined, 
frequently form the basis for its development. Some of this decrease is 
counteracted by the increased frequeney of the clinical diagnosis made possible 
by the introduction of Bennhold’s Congo red test. Not only has the diagnosis 
in doubtful cases been confirmed by the use of this test, but also it has been 
found that spontaneous regression may occur, as in the eases of Walker* and 
Reimann.® 

In many instances, however, a suppurative foeus is lacking, and the fault 
must be laid at the door of the associated disease, such as carcinoma, syphilis, 
leucemia, or myeloma. Though the presence of one or other of these condi- 
tions may afford an easy but unsatisfactory explanation of the etiology, occa- 
sionally no sueh background ean be discovered. Idiopathic amyloidosis was 
known as early as 1856 when Wilks® reported several eases. Its infrequent 
appearance has nearly always been the oceasion for interesting but fruitless 
speculation as to the cause. 

Practically every organ in the body has been the site of amyloid deposits, 
though liver, spleen, and kidney are by far the commonest locations. In spite 
of the often widespread distribution of the process and the involvement of 
important organs, amyloidosis is uncommonly a eause of death per se. Usually 
the underlying disease is responsible for the fatal termination. In rare in- 
stanees, though, an organ may be so extensively infiltrated that the failure 
of a vital funetion results. Most frequently this oceurs in the kidneys, causing 


g 


renal insufficiency.” * There have also been reported a few eases*® ?° in which 
the adrenal tissue was almost wholly replaced by amyloid, the patients dying 
with the symptoms of Addison’s disease. 


: *From the Department of Pathology of the University of Toronto and the Toronto 
General Hospital. 
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That amyloid deposits are found in the heart was known to Virchow.! 
From time to time eases are recorded, in which the heart is involved as part 
of a generalized process. Rare, however, are the instances in which myocardial 
amyloidosis ranks as the primary cause of death. In 1886, Wild™ reported 
a ease in which the patient, who suffered from erysipelas, presented the clinical 
picture of ecardiae failure. At autopsy extensive deposits of amyloid were 
found throughout the heart. In the ease of Steinhaus,!*? marked infiltration of 
the heart and gastrointestinal tract accounted for the symptoms of heart failure 
and intestinal upset. In 1926, Silwer and Lindblom*™ presented the ease of a 
male of thirty-four years with symptoms of cardiae insufficiency for ten months. 
He showed marked signs of cardiae failure, and apparently died from this 
cause. Autopsy revealed amyloidosis of heart, liver, and spleen, but no etiologic 
factor could be demonstrated. 

In Larsen’s recent example,’* the patient had symptoms of left-sided heart 
failure for about a year. In this ease the amyloid deposits were located chiefly 
in heart, lungs, and kidneys, the liver and spleen being uninvolved. Perla and 
Gross* have deseribed three eases of atypical amyloid disease, in one of which 
death was due to widespread replacement of cardiae muscle by amyloid. Rei- 
mann, Koucky and Eklund’ recently studied amyloidosis in a patient who 
died of a terminal peritonitis. The organs containing amyloid were tongue, 
heart, lungs, esophagus, and pelvie organs. 

Though the two eases, the details of which follow, possess certain clinical 
features in common, the differences in the pathologie findings are striking. 

CASE 1.*—Clinical History.—The patient, a white female of fifty-one years, was admitted 
on March 15, 1927, to the Medical Service of the Toronto General Hospital under Professor 
Duncan Graham. She complained of feeling ‘‘run down’’ for about the past seven years 
with only occasional short periods of good health. For a year she had felt weaker, had lost 
20 pounds in weight and suffered from an intermittent dry cough. These symptoms became 
progressively worse, particularly in the three weeks prior to admission, most of which time 
was spent in bed. She confessed to slight shortness of breath on exertion but denied any 
swelling of the feet, palpitation or precordial pain. Except for a moderate degree of con- 
stipation for many years, functional inquiry revealed no other complaints. No significant 
facts were elicited in the past history. 

Physical Examination.—In appearance the patient was rather pale and undernourished. 
The heart was moderately enlarged to percussion; no murmurs were heard. The blood pres- 
sure was 76/48. There was no edema of the dependent parts. Examination of the chest re- 
vealed impairment of resonance and breath sounds at both lung bases; a few rifles were 
heard in the left axilla. There were no other findings of importance. 

Laboratory Record.—The urine had a specific gravity of 1.017, showed a faint trace of 
albumin and contained a few pus cells. 

The hemoglobin was 88 per cent (Sahli); the red cells numbered 5 million per ¢c.mm. 
and the white cells, 6,700. The blood smear was not remarkable and the differential white 
count was normal. 

The blood Wassermann and Kahn tests were negative. 

The electrocardiogram showed left ventricular preponderance and low voltage. 

Roentgenograms of chest, gastrointestinal tract, gallbladder, and vertebral column were 
negative. 

Clinical Diagnosis.—Chronie degenerative myocarditis; cardiac hypertrophy; myocardial 


insufficiency. 


*This case is reported through the courtesy of Dr. J. E. Bates who performed th 
autopsy. 
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Though the patient showed no obvious change in her condition following admission, she 
died suddenly on the third day. 

Autopsy Findings.—Slight pitting edema was demonstrable in the lower portions of the 
legs. Examination of the thorax showed both visceral and parietal layers of the pericardium 
to be studded with firm, translucent, grayish nodules, measuring up to 1 mm. in diameter. 
Similar deposits were likewise present on the pleura; some of these were large and plaque- 
like, measuring up to 0.5 em. across. A few of these nodules: were also found throughout 
the middle lobe of the right lung. The peritoneum was everywhere smooth and glistening. 
The mucosal surfaces of stomach, small and large intestine, and bladder, showed a diffuse 
scattering of small, gelatinous nodules similar to those seen on pericardium and pleura. The 
liver, spleen, and kidneys presented no gross evidence of amyloid disease. 

Nowhere could any suppuration or other lesion be found to account for the amyloidosis. 

Heart: There was marked enlargement affecting all chambers, the heart measuring 
14 by 11.8 by 7 em. The entire pericardial surface was studded with the readily palpable, 
grayish nodules described above. The myocardium was firm and waxy in consistency and of- 
fered increased resistance to the knife. The wall of the left ventricle measured up to 1.5 em. 
in thickness, and that of the right up to 0.5 em. The muscle was reddish brown in color and 
the cut surface was everywhere occupied by minute, glassy, gray areas many of which pro- 
truded slightly above the surface. Several portions of muscle were dipped in iodine. In a 
few moments these areas became mahogany brown in color, giving the surface a stippled ap- 
pearance. Beneath the endocardium of all chambers were many fine shotty nodules. Similar 
deposits were present along the free margins and over the auricular surfaces of the tricuspid 
valve. Those on the mitral valve were fewer in number but distributed in like fashion. On 
the pulmonary valve these were wholly confined to the ventricular surface and on the aortic 
valve to the free margins. The great vessels presented no gross evidence of amyloid change. 

Microscopic Examination.—Heart: There was extensive replacement of myocardium 
throughout by amyloid deposits which formed roughly about 60 per cent of the total area of 
heart muscle as seen in the sections. The distribution was both patchy and diffuse in char- 
acter. Many of the patches were extremely large, some of them occupying several low power 
fields. In none of these were muscle fibers completely lacking, all of them containing a few, 
more or less isolated strands. They were quite irregular in shape and none was definitely 
delimited. All shaded off gradually into the less affected zones. No areas were uninvolved. 
Thin bands of amyloid penetrated between the individual muscle fibers. Many of the masses 
were small, rounded, and more or less sharply delimited. Some contained in their centers 
small venules which seemed narrowed and distorted; others showed no traces of blood vessels. 
All, however, formed an expanding mass which pushed aside and compressed the nearby muscle 
cells. The nodules on both the pericardium and endocardium were made up of irregularly 
lamellated masses of amyloid covered on their free surfaces by endothelium. The deposits 
on the valves were similar in appearance. 

Sections stained with Sudan III showed a scattering of fine fat droplets distributed 
diffusely. 

Lungs: The deposits of amyloid were found in the alveolar walls which were so greatly 
thickened that in some places groups of the alveoli were collapsed. The nodules on the pleura 
were similar to those on the pericardium. The peribronchial lymph nodes were almost com- 


pletely replaced by dense, homogeneous amyloid containing a few collections of anthracotic 


pigment. 
Gastrointestinal Tract: Everywhere the submucosa was occupied by small, irregular 
asses of amyloid, some of which surrounded and almost occluded the blood vessels. 


No amyloid was present in liver, spleen, kidneys, or any other organs. 


CASE 2.—Clinical History.—The patient, a woman fifty-nine years old, came under the 
care of Professor Duncan Graham at the Toronto General Hospital on Oct. 1, 1934. She 
had been well until four months previously, when she noticed that an unusual amount of walk- 
ing caused slight swelling of her feet. At first this was present only late in the day, and 
was relieved by a night’s rest. In the three weeks before admission, the swelling was present 
constantly, and it gradually increased in extent. About the same time as the onset of the 
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edema, she began to have shortness of breath on exertion which grew progressively worse. 
For two months her abdomen had been slowly increasing in size. No facts of significance 
were revealed in the functional inquiry or the past history. 

Physical Examination.—The patient appeared quite ill, dyspnea being a prominent 
feature. Pitting edema was present over the whole body up to the level of the third ribs 
anteriorly. The legs were swollen and tense. The veins of the neck were engorged and 
pulsating. 

The borders of the heart could not be percussed due to edema and tenderness of the chest 
wall. The heart rate averaged 100 per minute, the rhythm being normal. The blood pressure 
was 130/90. The abdomen contained free fluid. 

Laboratory Record—The urine had a specific gravity of 1.026 and showed albumin 

) with an occasional hyaline cast and pus cell. 

The blood smear and differential white count were not abnormal and the hemoglobin 
was 77 per cent (Sahli). The blood nonprotein nitrogen was 44 mg. 

Unfortunately a blood Wassermann was not obtained. 

The electrocardiogram revealed right axis deviation with a voltage 2 mm. 

Clinical Diagnosis.—Chronie degenerative myocarditis; myocardial insufficiency. 

The day following admission, the patient’s dyspnea grew worse, and the right chest was 
aspirated, 900 e.c. of clear, yellow, sterile fluid being removed. Later the same day, she 
developed acute pulmonary edema, successfully treated by atropine and venesection. The 
next day she rapidly became worse and died. 

Autopsy Findings.—The legs were swollen and tense, and pitting edema was present 
over the body up to the level of the manubrium sterni. The right pleural cavity contained 
600 c.c. of clear yellow fluid; and the left, 800 ¢.c. Both lung bases showed hypostatic 
pneumonia. About 600 e¢.c. of yellow fluid was obtained from the peritoneal cavity. The 
liver and kidneys were not remarkable in the gross. With the exception of the spleen, none 
of the abdominal organs gave a positive reaction with iodine. 

No lesion could be found to form a logical basis for the development of amyloidosis. 

Heart: The heart was slightly enlarged, measuring 12 by 10 by 6 em., and was definitely 
heavier than normal, weighing 360 gm. The pericardium was smooth except for a small 
‘*milk spot’’ on the anterior surface. The myocardium felt firm and waxy and the cut 
surface was a pale, homogeneous, glassy, reddish brown color. Several portions were soaked 
in iodine and almost immediately the tissue became flecked with dark brown streaks and 
dots. The endocardium and valve cusps were smooth and glistening throughout. 

Spleen: The spleen was large and heavy, measuring 11 by 7.5 by 5 em. and weighing 
270 gm. It was extremely firm in consistency, like hard rubber, and little impression could 
be made on it with the fingers. The cut surface was quite hard, bright rose red in color, 
and the normal markings were obliterated. On treating with iodine, the surface became a 
deep mahogany brown. The distribution was unusual, the staining being diffuse through 
out. Attached to the hilus of the spleen were two small accessory spleens, the larger measuring 
2.5 em. in diameter. Their cut surfaces were similar in appearance and in consistency to 
the larger organ. Both turned a dark brown on the application of iodine. 

None of the other organs presented any important gross abnormality and none reacted 
positively to iodine. 

Microscopic Examination.—Heart: Sections taken from all portions of the heart showed 
extensive infiltration and destruction of muscle by amyloid. For the most part the lesions 
were diffuse in character. Between the individual muscle cells lay thin strands of pale fibrillar 
material which was stained a faint pink by Congo red. The small nodular masses so common 
in the previous case were seen infrequently. They were located chiefly in the fibrous 
trabeculae, and it is quite possible as Larsen!4 suggests, that these were all primarily derive 
from a blood vessel. The large patches which were not numerous appeared to have resulted 


from the disappearance of muscle and the coalescence of many small strands. 


With respect to distribution, no part of the myocardium was free from the lesions. 
The ventricular muscle appeared to be affected to a greater degree than the auricular. Tl 
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interventricular septum showed the most extensive involvement of all. The papillary muscles 
were similarly infiltrated but with the exception of a few small patches in the aortic valve, 
none of the valves contained amyloid. Neither pericardium nor endocardium possessed the 
nodules so prominent in Case 1, The few deposits seen were flattened and related to con- 
tiguous masses in the underlying myocardium. 

In Sudan preparations extensive fatty degeneration of muscle was noted, many of the 
fibers being almost obscured by myriads of tiny fat droplets. This condition was much more 
marked here than in the previous case, 

The larger coronary vessels were uninvolved save for a few small areas in the adventitia. 
Some of the small arterioles showed a mild degree of sclerosis. 

Aorta: No amyloid deposits were found. 

Liver: There was marked alteration of strueture due to extreme chronie passive con- 
gestion. Many of the liver cells had disappeared and the remainder were peppered with 
fine droplets of fat. The amyloid deposits were located chiefly in the outer portions of the 
walls of the large vessels. A number of small masses were seen in the portal areas with a few 
thin strands passing toward the central veins between the liver cords. 

Spleen: The splenie pulp was diffusely infiltrated with amyloid. Many of the cells 
were completely destroyed and the rest were represented by pyknotie nuclei. Most of the 
malpighian corpuscles had disappeared and the remainder showed up as small collections of 
lymphocytes, each surrounding a compressed, distorted vessel. The accessory spleens pre- 
sented the same picture. 

Kidneys: <A few patches of amyloid were seen in the walls of the larger vessels. 

Adrenals: Both glands showed heavy amyloid deposits chiefly in the medulla and inner 
layers of the cortex. 


None of the remaining organs revealed any traces of amyloid. 


DISCUSSION 


These two cases possess a number of features in common. Both occurred 
in middle-aged women whose past history was free from any chronic illnesses. 
In both, the symptoms suggested eardiae failure presumably from sclerotic 
heart disease, and the elinieal and laboratory findings supported this diagnosis. 
Both apparently died of heart failure. In neither could be found any adequate 


explanation for the development of amyloidosis. The hearts were enlarged, 


though unfortunately a strict comparison cannot be made as there is no record 
of the weight in the first case. Larsen’ stated that all cases reported previous 
to his had had atrophie hearts. Sinee then, Budd,'® and Perla and Gross*® 
have recorded eases in which the heart was hypertrophied. 

Considerable difficulty was experienced in obtaining characteristie stain- 
ing reactions in paraffin sections of the heart. With Congo red the amyloid 
stained in a pale and patehy fashion. Much better results were seen in sections 
of spleen and liver in the second example. The fact that in atypical amyloidosis 
there may be failure of the usual reactions was emphasized by Lubarsch.” 
\nother possibility is suggested by the experiments of Smetana,’® who found 
that recently formed amyloid showed up only after intravenous injection of 
(‘ongo red. 

A number of important variations were also noted. The distribution of 
the lesions outside of the heart was quite different. In the first ease these were 
found in lungs, pleura, and submucosa of gastrointestinal tract and bladder; in 
the seeond, the spleen, liver, and adrenals were affected. 
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Then, too, the characters of the heart lesions differed. In the one the 
pericardial and endocardial surfaces were studded with nodules of amyloid; 
in the other these surfaces were grossly uninvolved. The myocardial lesions 
were both nodular and diffuse in the first, but in the second, diffuse only. 
Whether any significance can be attached to this difference is uncertain. Is 
this type of nodular deposit, as Lubarsech™ suggests, frequently present in 
atypical amyloidosis? Is there any relationship between their absence in 
the second ease and the involvement of spleen and liver? These questions 
can only be answered by further research on the mode of amyloid formation. 

Larsen'™* has deseribed in detail the formation and spread of cardiac 
deposits. He believes that they always arise from a pericapillary nidus and 
extend into the interstitial tissue, surrounding the musele fibers and cutting 
off nutrition. Occasionally invagination and penetration of the individual 
fibers occurs. In both of our eases the muscle cells showed marked fatty 
degeneration which was probably due to failing nutrition and represented a 
stage in the destruction of the cell. To what degree death was due to re- 
placement by amyloid and to what degree it was due to the fatty degenera- 
tion of the remaining muscle, it is not possible to say. In any ease, amyloidosis 
was the basic factor. 

The classification of myocardial amyloidosis has been attempted by a 
number of authors. The simplest method is to divide the cases into two 
groups as does Larsen:'* those in which the heart is affected as part of a 
widespread process, and those in which it is involved usually to the exelusion 
of the commonly affected other organs. Still a third class is recognized by 
sudd,’® those in which there is generalized disease of the muscle systems. 
It is questionable whether such classifications serve a useful purpose other 
than to bring to mind the variety of distribution found. While the first case 
would fall into the former class, the second combines the features of both 
classes and bridges the gap between the two. 

With respect to etiology these eases present nothing that is new. Susman"? 
suggests that, of the substances which produce amyloidosis experimentally, 
the common factor is toxicity or the ability to damage tissues, and that the 
spleen in some way is necessary to the process although the formation is of 
local manufacture. This is not wholly inconsistent with the results of 
Smetana’s'® 2° experiments which demonstrated the important rdéle of the 
reticulo-endothelial system in amyloid formation. In Warren’s”! example 
of amyloidosis of the muscles, he attributed it to ‘‘a widespread perversion 
of fibroblastic funetion.’’ The findings in the above cases do nothing to 
refute either contention. 

SUMMARY 

1. Two eases of idiopathic myocardial amyloidosis are described. 

2. The various pathologie features are discussed and compared with previ- 
ously reported eases. 
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OBSERVATIONS ON THE NORMAL EMPTYING TIME OF THE 
STOMACH OF THE DOG, USING A MIXED MEAL* 


Epwarp J. VAN Lierr, M.D., G. Crisuer, M.D., anv I. A. Wines, ML.S., 
MorGaANtTown, W. Va. 


N 1933 Van Liere and Crisler? made a preliminary report on the normal empty- 


ing time of the stomach of the dog. During the past two or three years con- 


siderable more data has been obtained in the course of experimental work on 
various conditions influencing the emptying time of the stomach. We feel that 
these data, combined with those published in the preliminary report, will con- 
stitute fairly accurate figures, which may be of aid to other workers studying 


vastrie emptying time, particularly in the dog. 


( 
oj 


y 
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Methods.—The standard meal used in all of these studies consisted of 40 gm. 
hamburger, 10 gm. of dried ground bread, and 50 ec. of milk. Fifteen 


‘ams of barium sulphate were added so that the gastrie contents could be seen 


th the fluoroscope. The constituents of the meal were thoroughly mixed, and 
e animals were fed at the same time each morning. The animals were kept in 


a quiet room, free from extraneous influences, and were tethered to a chain about 





ee 
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4 feet long so that the amount of exercise was limited. It must be pointed out 
here that the standard meal was not sufficient to keep a large dog well nourished, 
so from time to time substantial supplementary feedings were given. Care was 
taken, however, as to the time these feedings were given, as Ivy and Fauley? 
have shown that the state of hunger affeets the gastrie emptying time. Every 
effort was made to keep all experimental conditions as uniform as possible. 
Results —The accompanying table gives the results obtained on a series of 
50 dogs. <A total of 540 tests was made, including the original 200 tests pub- 


lished in the preliminary report. 









TIME STOMACII 
(IN 
MEAN 






OF 





THE 
HOURS ) 
LONGEST 


EMPTYING 





SHORTEST 





AVERAGE 





A 25 dogs 6.59 6.54 8.07 5.42 
200 tests 6.61 6.62 
B 50 dogs 6.47 6.49 8.20 5.41 


540 tests 6.54 6.52 





A Those reported in the preliminary report. 
B = Those previously reported plus 25 additional dogs. 





Discussion.—lIt is distinetly interesting to note how remarkably well the new 
figures check with those given in the preliminary report. This very fact leads 
one to attach considerable significance to the values obtained. For example, the 
mean emptying time of the series of 25 dogs first reported was 6.54 hours, and 
the mean for the entire series was 6.49 hours, a difference of only 0.05 hours. 
It is also interesting to note that the extremes, too, seem to be well defined at 
about 5.41 and 8.20 hours, respectively. 

We feel that the standard meal used has particular advantages, as it con- 
tained carbohydrate, protein, and fat. The milk gave it a desirable consistency, 
and the dogs ate it with relish, in spite of the fact that it contained considerable 
barium sulphate. 

The dogs used were of various breeds and sizes so that the figures reported 
represent a good cross-section of what one might find in studying the gastric 
emptying time in the average laboratory animal. 

Summary.—The emptying time of the stomach was determined in a series of 
50 dogs. <A total of 540 tests was made. The average emptying time of the 
stomach for the dogs was 6.47 hours and the average for the tests was 6.54 hours. 
The variations were between 5.41 and 8.20 hours, respectively. The emptying 
time of the stomach of each individual dog remained strikingly uniform from day 
to day. It is felt that these figures will be of interest and of aid to other workers. 
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BACTERICIDAL AND BACTERIOSTATIC PROPERTIES OF 
DIOTHANE SOLUTIONS* 
EK. G. Gerwe, Pu.D., anp R. Y. Gorrscnaui, Pxa.D., Cincinnati, On10 
INCE 1930, when the preparation of diothane was first described by Rider,’ 
a number of papers have been published treating its chemistry, pharmacol- 


ogy, and clinical uses. Diothane, a local anesthetic, is the hydrochloride of 


piperidinopropanediol di-phenylurethane. 

For clinical purposes, diothane is usually employed as a 1 per cent solu- 
tion, which represents near saturation. Because of its tendency to precipitate 
from its solutions as the free base, piperidinopropanediol di-phenylurethane, 
it is necessary that considerable care be given to its preparation, particularly 
with respect to adjustment of pH. The solution must be stored in special non- 
alkaline glass containers, preferably of Pyrex, or of similar brand. 

Due to the faet that diothane solution is frequently administered by injec- 
tion, the question of proper means for its sterilization is important. Adequate 
sterilization may be achieved by boiling, since it has been shown that heating to 
boiling temperature for moderately prolonged periods of time did not alter its 
activity as determined by physiologic tests.2, The degree of decomposition result- 
ing after boiling for periods as long as eighteen hours, as measured by its aniline 
content,’ was very slight. 

As a result of carrying out sterility tests on diothane solution, sterilized by 
various means, it was soon learned that in 1 per cent concentration it possessed 
considerable bactericidal activity and that weaker solutions were very strongly 
bacteriostatic. Further work indicated that this activity was even more pro- 
nounced than first described in earlier publiecations.* ° 

When the preliminary work on this phase of the problem was carried out, 
it was noted that considerable clouding occurred whenever even small amounts 
of broth culture were added to diothane solutions. It was learned that this was 
due to the precipitation of the free base as a result of a change in the pH fol- 
lowing the addition of the more alkaline broth culture. In preceding papers, it 
was reported that diothane solutions possessed comparatively low killing powers 
against certain organisms, notably Staph. aureus. It is now known that this was 
due, in part at least, to partial inactivation of the diothane solution by the addi- 
tion of alkaline broth eultures. 

Attempts to buffer the various media used in growing the test organisms, or 
to adjust such cultures after growth took place, proved unsuccessful. In order 
to prevent subsequent clouding by this means, it was necessary to adjust the 
pH to a reaction which proved to be incompatible with the growth of the organ- 

*From the Biological Laboratories of the Wm. S. Merrell Company. 
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isms. This diffieulty was overcome, however, by the use of washed organisms 
suspended in physiologic saline solution. 

Cultures were grown either in liquid, or on solid media for the usual period 
of time. The organisms were then removed from the media by washing with 
sterile physiologic saline solution, in the ease of the solid media, and centrifuged, 
or by centrifugation if liquid media were employed. They were then resus- 
pended in sterile physiologic saline solution, aseptie technic being observed in 
all operations. Unless otherwise indicated, this teehnie was employed through- 


out the tests deseribed below. 


BACTERICIDAL ACTIVITY OF DIOTHANE SOLUTIONS 


To 5 ee. quantities of diothane solution of 1 per cent concentration was 
added such an amount of suspended organisms, treated as described above, as 
would be equivalent to 0.5 ¢.c. of a twenty-four-hour broth culture. After vari- 
ous intervals indicated in the table, transfers were made to F.D.A. formula 


rf _ 


nutrient broth. Readings were made after seven days’ ineubation at 37.5° C. 


TABLE I 
BACTERICIDAL ACTIVITY OF DIOTHANE SOLUTION 
TIME OF EXPOSURE IN MINUTES 
ORGANISM 5 10 15 30 60 120 =| 240 


B. coli -_ — on 

B. typhosus 

Sarcina lutea - - 

Staph. aureus . t 
TIME OF EXPOSURE IN HOURS 


1 ° 4 | S | 24 | 18 96 


B. subtilis 


It will be noted that with the exception of Staph. aureus and B. subtilis, all 
of the organisms, comprising a representative group such as is usually reeom- 
mended for testing the efficacy of bactericidal substances, were killed within 
five minutes or less. In the case of Staph. aureus, killing was accomplished only 
after exposure for thirty minutes or longer. In control tests, it had been shown 
previously that the strain of Staph. aureus used was such as to resist the action 
of a 1:60 phenol solution for a period of five minutes. 

Preliminary tests indicated that diothane solution killed B. subtilis, how- 
ever, microscopic examination of the cultures employed proved them to be free 
of spores. When older cultures were used killing was not accomplished even 


after exposure of four days or longer to 1 per cent diothane solution. 


Assuming that there might be a difference in the killing power of diothane 
solution against spores in the wet state as compared with similar cultures which 
were dried, small amounts of washed B. subtilis organisms were soaked into 
small sterile squares of filter paper. These were then dried at ineubator tem 
perature for ninety-six hours in sterile Petri dishes. Several pieces of the paper, 
containing the organisms in dried form, were introduced into the 1 per cent 
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diothane solution. After thoroughly agitating the paper in this solution, trans- 
fers were made to sterile broth. In all eases the organisms treated in this man- 
ner survived exposure equally well for periods of four days, or even longer. 
The culture of B. subtilis used in the tests deseribed in Table I contained 


numerous spores. 
FUNGICIDAL ACTIVITY OF DIOTHANE SOLUTIONS 


Information regarding the killing power of diothane solutions against molds 
and yeasts is desirable. Accordingly, its action was tested against a culture of 
yeast, two strains of Penicillium and one of Aspergillus. Each of these organ- 
isms had been isolated from the laboratory and were frequently found as con- 
taminants in other materials. 

Suitable amounts of the cultures were inoculated in 5 ¢.e. quantities of 1 
per cent diothane solution and after the intervals noted, transfers were made 
into sterile broth. For the molds, Sabouraud’s medium was employed, and for 
the yeast, dextrose broth was used. Readings were made after one week ineuba- 
tion at 25 to 30° C., 

TABLE II 
FUNGICIDAL ACTIVITY OF DIOTHANE SOLUTION 


TIME OF EXPOSURE IN HOURS 
ORGANISM 1 3 | 3 4 | S 24 48 


Penicillium ‘*‘ A’ - = - : a - 
Penicillium ‘‘ B’’ } , a a . 
Yeast - a ‘i aS ie _ 
Aspergillus niger t | + + + = - = 


It was found that each of the strains of yeast and molds was killed after 
eight hours’ exposure to a 1 per cent diothane solution, the yeast being more 
readily killed than the others. Previous microscopic examination showed that 
the mold cultures contained numerous spores. 


BACTERIOSTATIC PROPERTIES OF DIOTHANE SOLUTION 


In spite of the possession of a rather limited bactericidal activity, it was 
found that diothane solutions are strongly bacteriostatic. In the tests to be 
deseribed a larger number of organisms was employed, including in the group 
several pathogens. In order to learn something of the possible difference in 
activity at different pH values, each lot of media was divided in two parts, one 
of which was adjusted to pH of 6.8 and the other to pH of 7.8. As might be 
anticipated, the greater amount of precipitation occurred in those lots of media 
having the more alkaline reaction. 

Beginning with an aqueous solution of diothane of a concentration of 1:200 
or 0.5 per cent, various dilutions were prepared by adding ealeulated amounts 
to sterile media. Inoculations were made directly into the broths thus pre- 
pared. The tubes were examined for growth aiter seven days’ incubation. 
From those tubes showing no growth, transfers were made into sterile broth in 
order to determine whether lack of bacterial development in the first tubes indi- 
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cated lethal, or merely inhibitory action. The following Tables IIT and IV pre- 
sent the results in condensed form. 

In the tables, the minus sign (—) indicates death of the organisms, the plus 
sign (+) indicates growth, while the letter ‘‘i’’ indieates that the organisms are 
inhibited only. It will be noted that the diothane solution is most active in the 
acid media and in all instances was less active in those media possessing the more 
alkaline reaction. It will also be seen that in the acid media all of the organ- 
isms with the exception of B. subtilis were killed when such media contained as 
low a concentration of diothane as 1 part in 400 parts of broth. C. diphtheriae, 
B. typhosus, and Sarcina lutea were readily killed, while B. subtilis was not 


TABLE III 
BACTERIOSTATIC ACTIVITY OF DIOTHANE IN Brotu or pH 6.8 


CONCENTRATION OF | 


| | 

| | | | 
| 

| 





DIOTHANE IN B. TY- STAPH. |B. SUB Ss. C. DIPH | PENICII 
ivi ne pH saree | Be COLI per, ea Riana pinay Weare: YEAST 
BROTH OF ORIGINAI PHOSUS AUREUS | TILIS | LUTEA |THERIAI LIUM 

pH or 6.8 

1: 200 5.6 : — om 

1: 400 5.9 i - 

Ls 800 6.4 j i 

L: 1,600 6.4 i i ~ 

1: 3,200 6.4 i { } 

1: 6,400 6.5 n " n 4 

1:12,800 6.8 | , 1 1 4 
TABLE IV 


BACTERIOSTATIC ACTIVITY OF DIOTHANE IN Brotu oF pH 7.8 


CONCENTRATION OF | | | 
DIOTHANE IN | B. TY- | | STAPH. |B. SUB-| _ S. C. DIPH-| __.... |PENICII 

ase cpt GE  Pecateede B. COLI | ait pees AMEE Hod YEAST 
BROTH OF ORIGINAL} PHOSUS |AUREUS;| TILIS | LUTEA |THERIAI LIUM 

pH OF 7.8 | 

is wee 5.6 = id “= i ‘ xa | | 7 

1: 400 6.6 + os - ” 

1: 800 7.4 + t - 

1: 1,600 7.6 + - 

1: 3,200 7.6 1 

1: 6,400 7.8 + 

1:12,800 7.8 


killed in broth containing diothane to the extent of 1:200. It was significant 
that the growth of B. subtilis was readily inhibited in broth containing as littl 
as 1 part of diothane to 3,200 parts of broth. It was found further that broth 
containing varying amounts of diothane is lethal and strongly inhibitory to the 
strains of yeast and molds employed in the tests. 

The change in reaction in the media following the addition of diothane is 
noted by the pH values recorded in the second column. 


CONCLUSIONS 


It must be concluded that while a 1 per cent diothane solution is rather 
strongly bactericidal against most of the organisms usually employed to meas- 
ure such activity, since it does not kill B. subtilis spores even after contracted 


periods of exposure, it may not be considered to be ‘‘self-sterilizing.’’ How- 
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ever, from a consideration of the foregoing results it is at once apparent that a 


1 per cent solution of diothane, once sterilized by boiling, is well preserved and 
will remain sterile if ordinary aseptic technic is observed during the removal 
of small amounts of the solution from its container. 

It is reasonable to assume that such bacteria, with the exception of spore 
hearers, as may become accidentally introduced into the solution will be killed 
within an hour or so. The results with the molds indicate that a longer period 
of exposure will be required to kill them. 


SUMMARY 


1. Diothane solution in concentration of 1 per cent is strongly bactericidal 
against the more common contaminants with the exception of B. subtilis and 
probably other spore formers. 

2. In coneentration of 1 per cent, diothane solution will kill a resistant 
strain of Staph. aurcus within one hour, and B, typhosus and B. coli within five 
minutes. 

3. The spores of B. subtilis will resist the activity of 1 per cent diothane 
solution for four days or longer. 

4. B. subtilis is inhibited in broth containing diothane in concentration as 
low as 1:3200. 

5. Molds and yeasts are killed by diothane solutions. 

6. While strongly bactericidal against many organisms, diothane solution 
may not be considered to be ‘‘self-sterilizing’’ beeause of its weak action against 
B. subtilis spores. 
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THE POSSIBLE IMPORTANCE OF MEDIUMS CAUSING SURFACE AND 
SUBSURFACE GROWTH OF PATHOGENIC FUNGI TO THE 
DIAGNOSIS AND TREATMENT OF DISEASE* 


Jounx W. Wiiuiams, M.D., Boston, Mass. 


N MY work I have found that solid mediums may act consistently in two ways 
| with reference to growth of pathogenic fungi. They may produce a pre- 
ponderance of either surface or subsurface growth.’:? Workers are familiar 
with the fact that there is a variable amount of subsurface growth in the ease of 
certain organisms. In mediums of pH 5.6 containing 1 per cent cysteine-cystine 
as the source of nitrogen and 4 per cent dextrose as the source of sugar; growth 
is predominantly subsurface, while in similar mediums with peptone substi- 
tuted for eysteine-eystine, it is predominantly surface. About a month after 
good subsurface growth had been obtained on cysteine-cystine, in most in- 
stances by pouring over the surface a thin layer of Sabouraud’s medium, previ- 
ously subsurface organisms grew on the surface. 

The following pathogenic fungi and two nonpathogenic saprophytes, 
Lichthemia sp. and Scopulariopsis brevicaulis, were studied: Achorion 
schoenleinii, Acladium castellani, Candida candida, Endodermophyton indicum, 
Endodermophyton dermatitidus, Epidermophyton cruris, Epidermophyton 
inguinale, Epidermophyton rubrum, Glenospora Gammeli, Geotrichum Bach- 
mann, Indiella americana, Microsporon Audouini, Microsporon felineum, Micro- 
sporon gypseum, Monosporium apiospermum, Monilia albicans, Oospora humi, 
Nporotrichum Schenckii, Trichophyton balcaneum, Trichophyton crateriforme, 
Trichophyton decalvans, Trichophyton granulosum, Trichophyton gypseum, 
Trichophyton gypseum-asteroides, Trichophyton gypseum-lacticolor, Trichophy- 
ton interdigitale, Trichophyton japonicum, Trichophyton lowisianicum, Trichophy- 
ton niveum, Trichophyton purpureum, Trichophyton sulfureum, Willia anomala. 
In order to obtain subsurface growth these organisms were incubated for forty 
days on mediums consisting either of hydrolyzed hair (Difco Laboratories pre- 
pared it for this work) 1 per cent or cysteine hydrochloride Eastman 1 per cent, 
dextrose 4 per cent, agar 114 per cent (pH 5.6). The growths were then over 
laid with several millimeters of Sabouraud’s proof medium and reineubated for 
forty days. The incubations took place at room temperature in diffused light. 

Of the 34 organisms, Sabouraud’s medium failed to bring four to the sur- 
face: Endodermophyton tropicale, Candida candida, Trichophyton balcaneum, 
and Willia anomala. It is possible that in these instances the organisms wer 
dead or that the medium was too hot when poured over them. In some instances 
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the growths seemed almost as profuse as on Sabouraud’s proof medium. This, 


however, is not to be expected since the layer of Sabouraud’s is only a few milli- 
meters deep. 

The ability of the Sabouraud’s proof medium to attract organisms from the 
subsurface suggests its potential use in packs to be placed on areas of chronie 
disease with several objects in view. First, it might serve to attract the etiologie 
agent to the surface. Second, if an antiseptic were incorporated in it, it might 
not only attract to the surface but kill. Third, it might attract organisms to the 
surface so that in areas from which cultures have been previously negative, 
diagnosis might be made. When made, the applications should be kept moist 
either by covering them with adhesive or other means. Either the liquid medium 
can be used, or the solid medium incorporated in small gauze sponges. The 
mediums should be sterilized. 





It is possible that other mediums than Sabouraud’s might be more proficient. 
Sabouraud’s in my experience, however, produces as aerial type of growth as any. 

The difficulty with reference to antisepties where chronie lesions are below 
the superficial layers is apparent. Any method which would efficiently dis- 
lodge organisms located deep might prove effective by allowing lethal anti- 
septies to contact them. 

The eysteine-cystine mediums allow subsurface growth to a depth of usually 
not more than 1 em.''? The depth with reference to proportional conecentra- 
tions of eysteine-eystine in the skin may help explain chronicity in skin dis- 
eases. With reference to bacteria our results have not been enlightening. 
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THE QUANTITY OF IODINE IN THE THYROID GLAND OF THE 
RABBIT AND THE INFLUENCE THEREON OF A DIET OF CABBAGE* 


ARDREY W. Downs, M.A., M.D., D.Se., EpMonToN, ALBERTA, CANADA 


i ey purpose of the investigation reported here was to establish the amount 
of iodine in the thyroid gland of the normal rabbit and the proportion of 
iodine to the weight of the gland, and to compare with this the iodine content 
of the thyroid glands of rabbits fed for varying lengths of time on a diet consist- 
ing almost exclusively of cabbage. At the same time the effect of the cabbage diet 
on the physical condition as evidenced by body weight was noted. 

Various investigators have reported the development of simple goiter in the 
rabbit apparently as the result of a cabbage diet. Webster! recorded some very 
striking results from which the conclusion is drawn that eabbage grown in cer- 
tain localities and at certain seasons, particularly during the winter, contains a 
goitrogenie agent that is much more powerful to produce goiter than is a diet 
that is deficient in iodine only. The suggestion is made that the cabbage depletes 
the iodine store of the thyroid gland and that this may be due to a reducing 
agent acting on the oxidation-reduction systems of the body and causing an 
increased demand for thyroxin to activate oxidation. MeCarrison® reported the 
incidence of goiter as 38.9 per cent in rabbits fed on a mixture of winter cabbage 
60 parts, sorghum 20 parts, and whole wheat 20 parts. In rabbits subjected to 
insanitary conditions and the same imperfect diet as before, he states that goiter 
developed in 88.9 per cent. As the Edmonton district of western Canada has 
long been regarded as an area in which goiter, particularly of the myxedematous 
type, is prevalent, and as cabbage is a much used food, it seemed desirable to 
study the question of a possible relation between cabbage in the diet and the 
occurrence of goiter. 

For our experiment the diet employed by Webster in the article previously 
quoted was adopted. This provides for each rabbit: cabbage 250 gm. daily, oats 
50 gm. weekly, and hay 20 gm. weekly. Control rabbits were fed on full rations 
of oats, turnips, carrots and hay. Cabbage was excluded from the food supplied 
to the control animals. All the food used was grown locally. The animals were 
eaged in pairs and the environmental conditions were the same for all. The 
total number of animals used was 81, of which 48 were given the cabbage diet 
and 33 were used as normal controls. The length of time the experiment lasted 
in individual eases varied from four weeks to twelve. Most of the determina 
tions were made after four-, eight-, and twelve-week periods with a few at thi 
intervening weekly intervals. The procedure was to weigh the animal, to 
examine it for any evidence of goiter by palpation, and to start it on either the 
cabbage or the control diet. At the expiration of the predetermined number 0: 

*From the Department of Physiology and Pharmacology, University of Alberta. 
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weeks the animal was weighed, killed rapidly by the inhalation of chloroform 
vapor, and the thyroid removed. The gland was dried between filter papers for 
five minutes and weighed. It was then dried at a temperature of 100° C. for 
forty-eight hours and reweighed. Subsequently all the glands were dried again 
in the oven as before, weighed, and the iodine content of each was determined. 

It might be noted that as a preliminary measure tests were made as to the 
best way to kill the rabbits. It was found in every case where the neck blow was 
employed that all the tissues of the neck, ineluding the thyroid gland, were 
thereby rendered congested. The gland was usually found engorged with blood 
when death was produced by this means, but this was not the ease when chloro- 
form was used. 

RESULTS 

The control animals showed a gain in weight up to eight weeks, but those 
kept for twelve weeks showed an insignificant loss in weight. The cabbage 
rabbits, on the contrary, showed marked loss of weight (Table I). All the rabbits 
used were young adult animals and litters were divided, so far as possible, be- 
tween the two main groups. In view of the other findings, this loss of weight 


is to be regarded simply as evidence of inanition. 


TABLE I 
CONTROLS CABBAGE 
AVERAGE BODY WEIGHT AVERAGE BODY WEIGHT 
GAIN OR GAIN OR 
GRAMS GRAMS 

LOSS LOSS 

BEGIN END of BEGIN END of 
t wk. 2010.0 2260.0 +12.4 t wk. 2057.0 2271.0 +10.4 
S wk. 1612.0 2085.0 +26.1 8S wk. 2122.0 2005.0 5.6 
12 wk. 2461.0 2417.0 1.8 12 wk. 2598.0 1806.0 24.7 


Little importance can be attached to the weight of the fresh thyroid. The 
amount of water in the gland is very variable. This is exemplified by our records 
of the individual glands which show a loss of weight when dried from a minimum 
of 50.2 per cent to a maximum of 80.9 per cent in the control group and from 
07.4 per cent to 84.3 per cent in the cabbage group. When the weight of the 
thyroid gland that has been dried is compared with body weight, it is found to 
constitute from 0.0038 per cent to 0.0065 per cent in all groups, eabbage and 
control, except the one comprising animals maintained on cabbage for four weeks. 
In this group the average weight of the dried thyroid and its proportion to body 
weight are much greater than in any other group, cabbage or control. This is 
due almost entirely to one gland, which had a weight when dried of 1,504.9 mg. 

The method employed to determine the iodine content of the thyroid glands 
analyzed was deseribed by Remington, McClendon, von Kolnitz and Culp. In 
connection with these analyses the following comment should be made. A source 
of error in the eolorimetrie determination of iodine is the variation of the ratio 
of iodine in the earbon tetrachloride to the iodine in the water. The amount 
of iodine remaining in solution in the water varies with the concentration of salts 
in the water. In these analyses the concentration of salts varied with each run 
and, sinee the effect of the variation was not determined, an error was intro- 


duced. 
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The amount of iodine in the thyroid gland of the normal rabbit averaged 
0.033 mg. The maximum quantity in one gland was 0.071 mg. and the mimimum 
0.013 mg. In the ease of the rabbits fed on cabbage, the highest average iodine 
content, 0.062 mg., occurred in those that had been given the restricted diet for 
four weeks. The maximum in this group was 0.075 mg. and the minimum 0.037 
mg. The rabbits maintained on cabbage for eight weeks showed an average 
iodine content of the gland of 0.038 me., with a range from 0.041 mg. to 0.030 mg. 
Where the cabbage diet was continued for twelve weeks, the amount of iodine 
in the thyroid averaged 0.031 mg., with 0.062 mg. and 0.011 mg. at the two ex- 
tremes. It will be observed that the range is almost the same in the two groups, 
control and cabbage. The maximum quantity found in one gland is almost the 
same in the two groups and the minimum is likewise practically the same. 

The rabbits that had been on cabbage for four weeks vielded the highest 
average weight for the dried thyroid, the highest average proportion of weight 
of dried gland to body weight and the highest average total iodine. The average 
iodine content of the glands of these rabbits is nearly double that of any other 
group, but when expressed as a percentage of the weight of the gland, it is the 
lowest of all. It is possible that this is evidence of the existence of goiter and 
even of a goiter-producing action on the part of eabbage. When it is observed, 
however, that rabbits subjected to a diet of cabbage for longer periods show 
thyroid glands that in size, proportion to body weight, and iodine content are 
practically identical with those of animals maintained on a full diet, it seems 


necessary to conclude that, even if the cabbage was a causative agent in the de- 


parture from normal observed, the disturbance was a temporary one. 


TABLE IT 


. AT DEATH 
WEIGHT 


THYROID DRIED 
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MILLIGRAMS 
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WEIGHT 
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Controls 
2260.0 122..: 0.028 100.5 0.0044 03: 0.033 
2033.0 : 0.038 113. 0.0056 03% 0.028 
2417.0 0.012 92. 0.0038 036 0.038 
Cabbage 
9971.0 85.: 0.079 512.0 0.0226 0.062 0.012 
2003.0 35. 0.072 106.9 0.0053 0.038 0.036 
1806.0 569.: 0.032 117.7 0.0065 0.031 0.026 


SUMMARY 


1. The average amount of iodine in the thyroid gland of the normal rabbits 
studied was 0.033 mg., the average weight of the dried gland was 101.6 mg., and 
the iodine content equalled 0.033 per cent of the gland by weight. 
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2. The average amount of iodine in the thyroid gland of rabbits kept on a 
diet of cabbage for four weeks was 0.062 me., the average weight of the dried 
gland was 512.0 mg., and the iodine content equalled 0.012 per cent of the gland 
by weight. 

3. Rabbits maintained on a diet of cabbage for periods of eight and twelve 
weeks had thyroid glands that in size and amount of iodine contained were the 
same as those of the control animals, 

4. Rabbits kept on a diet consisting almost exclusively of cabbage invariably 
lost weight. 

The iodine determinations reported in this paper were made by Mr. T. L. Cairns, whose 
assistance is gratefully acknowledged. 

Our thanks are tendeved to the Carnegie Corporation of New York for a grant to defray 
the expenses of this research. 
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THE POLLEN CONTENT OF THE AIR OF SAN DIEGO, CALIFORNIA* 
Cuair L. STEALY, M.D., F.A.C.P., San Drieco, CALIF. 


WITH THE TECHNICAL ASSISTANCE OF Mrs. HELEN McMICHAEL 


A KNOWLEDGE of the pollen content of the air of a given locality is essen- 


tial for the intelligent study and treatment of allergic diseases associated 


with pollen sensitization in that locality. This is particularly true of Southern 
California because of the diversity of vegetation and the influence upon it of 
the elimatie conditions peculiar to that part of the country. 

In order that we might have a basis upen which to work in the treatment 
of these conditions in San Diego, a study of the pollen content of the air of 
that city, extending over a period of two and one-half vears, was made. Slides 
for the collection of pollen grains were exposed each day at the Clinie station 
during this time. From May 1, 1934, to Nov. 1, 1934, pollens were collected 
at three additional stations in the city, these stations representing, as far as 
possible, the varying topographical characteristics of the different sections of 
the city. At each station, four slides were placed in upright position, each 
slide facing one of the four points of the compass so that pollen was collected 
from all directions. A shelter to protect the slides from rain but open on the 
four sides was provided. Each set of slides was exposed for twenty-four hours. 


*From the Rees-Stealy Clinic. 
Received for publication, March 12, 1936. 
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The number of pollen grains collected during this interval was determined by 


counting the grains contained in an area one inch square on the slide. Daily 
logs of the pollens collected at the different stations were kept and charts of the 
findings made. 




















Chart 1. 


Chart 1 is a relief map of the city of San Diego and its immediate environs 
The locations of the four pollen collecting stations are indicated on the map. 
Chart 2 compares the total pollen counts from May to November, 1934, at th 
four stations. At all stations the slide facing west contained the greatest num 
ber of pollen grains with rare exceptions; the slides facing south, north, and 
east contained the next largest numbers in the order named except that during 
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the winter months there were frequently more pollen grains on the slide facing 
north than on the one facing south. As might be expected, the pollen content 
of the air was lowest at Sunset Cliffs which is situated on the ocean. It is inter- 
estine to note that the count was greatest at the stations located in the central 
(Clinic) and southern (Logan Heights) portions of the city, even though the 


western (State College) station is considerably farther inland. 
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Charts 3 and 4 show the daily total pollen counts at the Clinie for the mor- 
phologieally distinet groups of pollens, and the daily hourly wind velocity, 
rainfall, noon temperature, percentage of sunshine and relative humidity for 
the city for the years 1933, 1934, and 1935 (to May, 1935). 

Chart 5 gives the pollen counts of the cypress, oak, cottonwood, and olive 
trees for the years 1933, 1934, and 1935 (to May, 1935) at the Clinie station. 

Knowledge of certain meteorologic data concerning San Diego is essential 
to the intelligent understanding of these charts. The daily variations are re- 


corded graphically. They may be summarized and amplified as follows: 
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1. The mean annual precipitation is about 10 inches, the rains being con- 
fined almost exclusively to the winter months. Marked variations in amount 
from year to year are comimon. 

2. The prevailing direction of the wind is from the ocean about 90 per cent 
of the time. The deviations oceur almost entirely during the winter season. 

3. The hourly wind velocity is rarely less than 5 or more than 15 miles per 
hour. 

4. The mean annual temperature variation is approximately 13° F. THow- 
ever, diurnal variations of as much as 380° F. may oeecur. Killing frosts are 
unknown. 

5. The relative humidity averages 75 per cent. 

Undoubtedly the most important factor in determining the pollen erop in a 
locality for a given year is the amount of rainfall during the growing season. 
This is shown by the corresponding differences in rainfall and in pollen erops 
for the years 1933-1934 and 1934-1935. The amount of rainfall in the winter 
of 1933 and 19384 was about 5 inches; in the winter of 1934 and 1935 it was 
about 15 inches. The total pollen erop in the first half of 1985 was approximately 
double that of the corresponding period for 1934. The pollen concentration of 
the air during the long arid summer is maintained to a certain extent by the 
pollen from some of the anemophilous plants whieh depend largely upon dew 
or irrigation for moisture. 

Owing to the equable climatie factors, the pollinating seasons of the various 
species are less sharply demareated here than in loealities in which marked sea- 
sonal variations in ¢limate occur. Moreover, the pollinating dates of the same 
plant may vary widely in different years. For example, the pollinating season 
for the cedar started in Mareh in 1933 and in January in 1934 (Chart 5). 
Furthermore, pollens of various species appear on the slides long after the 
known pollinating periods of those species have ended. This is undoubtedly 
explained by the fact that, due to the absence of rainfall during the summer, 
pollen is not washed out of the air. Also, that which falls on the leaves of the 
plants may remain there until it is dislodged by a gust of wind, thus disseminat- 
ing more pollen into the air. 


The amount of pollen from a given plant may vary markedly from year to 


year. This point is illustrated by the fact that the pollen from the oaks was 
very plentiful in 1933 and relatively small in amount in 1934 and 1935. The 
pollen count of the cypress on the other hand was low in 1933, high in 1934 and 
very high in 1935 (Chart 5). 

If the actual pollen concentration of the air in this city were compared with 
the extremely high values which obtain in any midwestern city, it might be 
assumed that pollinosis is a negligible problem here. This is far from the truth 
as many sufferers who have lived in both localities will attest. The lack in 
pollen eoneentration is made up to a large extent by the prolongation of the 
season and the diversity of vegetation. Allergie disease associated with pollen 

nsitization is a perennial disorder in San Diego. 

[I wish to express my appreciation to Dr. George F. Harsh, recently with the Allergy 


Clinie of the University of Chicago, and now associated with this Clinic, for his helpful 
criticism of this paper. 





VARIATIONS IN THE BLOOD CHOLESTEROL OF MAN OVER A 
TIME PERIOD* 


PURCELL G. ScHuBE, M.D., Boston, Mass. 


T HAS been pointed out from time to time that single duplicate estimations 

of any chemical compound or element in the body fluids are not representa- 
tive; that under various conditions, artifically or naturally induced, the chemical 
equilibrium of the body alters itself, this state of affairs occurring even under 
basal conditions. 

Thus, the lipids in the blood of man and animals have, in general, been 
considered to be variable, such variability being strongly altered by the inges- 
tion of food. These statements have their origin in work done vears ago, for 
instance, by Ahlfeld' who noticed that the serum of an animal becomes definitely 
milky after a meal rich in fat. In more recent years, while it has been shown 
that such a lipemia occurs in carnivorous animals after intensely fat meals,?* ™* 
it has not been demonstrated to be true for herbivorous animals, and practically 
not at all for man." 

Man and Gildea,'? evidently feeling that in these experiments the relation- 
ship between the weight of the individual and the weight of the fat administered 
had been neglected, noted that an alimentary lipemia could be produced in man, 
provided 3.5 gm. of fat per kilo of body weight be given. They also found that 
a smaller ration containing about 0.5 gm. of fat per kilo resulted in variations 
which were unreliable. Boyd" pointed out that these experiments indicated 
that well over 200 em. of fat must be taken by a man at one meal in order 
that an alimentary lipemia might be produced; and sinee a normal person 
under normal conditions and doing a moderate amount of muscular work con- 
sumes much less than 200 om. of fat at one meal, or at three meals for that 
matter, it was highly improbable that in such a man an alimentary lipemia 
ever occurred under normal conditions. Then Boyd proceeded one step further 
and in attempting to discover whether or not there was any variation in the 
concentration of blood lipids in man during a twenty-four-hour period, found 
hut slight variations. The deviation per person per day for free cholestero 
was 6.5 per cent and for ester cholesterol, 7.2 per cent. The variation in blood 
cholesterol from one person to another per twenty-four-hour period he found 
to be two to three times as great as the average variation per person per da) 
Burger and Somach® obtained similar results for total cholesterol in the whol 
blood of man during a similar period. 

Thus, for a man consuming three ordinary meals per day, there is no exist 
ing evidence that any marked alteration in the blood cholesterol would be found 


for any given twenty-four-hour period. It is the purpose of this paper to extend 


*From the Psychiatric Clinic, Boston State Hospital. 
Received for publication, March 13, 1936. 
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this knowledge one step further; i.e., to determine the variation of blood choles- 
terol in man consuming three ordinary meals per day over a series of weekly 
periods. The importance of clarifying this aspect of the problem of cholesterol 
metabolism is self-evident. 


PROCEDURE 


The individuals used in this work were on a fairly standardized hospital 
diet. All were males. The age range was eighteen to thirty-five years. The 
body habitus was clinically determined as pyknie 5 and asthenie 5. The bloods 
were obtained in the morning, once a week, and while the individuals were in 
a fasting state. The method of estimation of the blood cholesterol was a modi- 
fication of the Myers-Wardell'’® in which the total cholesterol was determined 
on whole blood. The procedure was carried out upon the blood immediately 
upon its withdrawal. Each cholesterol estimation was performed in duplicate, 
the average result being used in each instance and expressed as milligrams of 
cholesterol per 100 ¢.c. of whole blood. The normal range for this method as 
determined by Sehube'™ and taking into consideration the error of the method, 
is 100 to 200 mg. of cholesterol per 100 ¢.c. of whole blood. 


RESULTS 


The cholesterol estimations were performed upon 160 samples of whole 
blood, one sample per week on ten individuals, over a period of four months. 
The changes in the concentration of the cholesterol in each person is shown in 
Table I. The total range, mean value, and the maximum and minimum deviation 
from that value are likewise shown in Table L. 

The total cholesterol in the whole blood for the group of eases varied from 
100 to 198 meg. with a mean value of 147 mg. This range and mean are entirely 
within the limits of normal for the method used, as Sehube’® has shown. Over 
the time period of four months used in this study, the blood cholesterol in the 
individual ease was found to fluctuate in quantity somewhat. This fluctuation 
in suecessive weeks may be marked (73 mg. in Case 1, sixth to seventh week) 
or practically immeasurable (1 mg. in Case 10, eleventh to twelfth week). When 
the fluctuation of cholesterol is studied in the individual case as related to the 
mean value in that ease, the fluctuation is less marked (from a maximum of 

44 to -3 me. to a minimum of +19 to +0). If these values can be taken as 
representative, then it ean be said that in the individual case the total blood 


cholesterol ean vary in quantity from week to week when the differences of the 


suceessive values are studied, over a range of 0 to 73 mg., or over a lesser range 
of 19 to 47 mg. if each value is studied in relation to its individual mean value. 
Such variations still permit the cholesterol to remain within the limits of 
normal, for in no instanee, regardless of fluctuation, did the blood cholesterol 
deviate from the range which was normal for the method. 


DISCUSSION 


This study exhibits several interesting facts: (a) When a large group of 
total cholesterols is estimated over a number of weeks in the bloods of normal 
individuals, the range of these values and the mean is within the normal range 
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and the mean range for total blood cholesterol as estimated by the given method. 
(b) When the total blood cholesterol is estimated and considered only in the 
individual case over a series of weekly intervals, the range continues within 
the limits of normal but the mean value for the individual may vary quite a 
bit. (¢) When the range of total cholesterol in individual cases is compared, 
it is found that these individual ranges may vary markedly, although remaining 
within normal limits. (d) When the means of the blood cholesterol of the 
individuals are compared, it is found that there is a range of variation of 35 mg. 
(ec) The age of the individuals in this series apparently did not affect the choles- 
terol, and (f) no correlation could be established between the body type and 
cholesterol nor variation of cholesterol. It is fully realized that for (e) and (f) 
the number of cases is small and that a greater number might show something 
of significance. It is the purpose here to present the factual observations. 

Since it has been rather conclusively shown by Man and Gildea that in 
order to produee an alimentary lipemia, an excess of 200 em. of fat must be 
taken by an individual at one meal, and sinee these individuals certainly never 
approached this figure in a total of three meals per day, it is highly improbable 
that the lipin in the food had anything to do with the variations observed. Fur- 
thermore, on a diet such as the above, Boyd, and Burger and Somach found 
that an inerease in blood cholesterol which is significant does not oeceur. 
Therefore, such variations as have been found will have to be explained in 
some other way. 

The difference in quantity of blood cholesterol in different normal individuals 
at the same time can only be explained at the present on the basis of individual 
peculiarities in handling the cholesterol in the blood, even though it be within 
normal limits at all times. The fluctuations in the blood cholesterol from week 
to week can be explained at the present only upon the same basis. It is highly 
probable that the ebb and tide of the blood cholesterol depend upon the needs 
of the body for it and upon the fluctuating ability of the organs of exeretion to 
retain it in the blood stream. These, however, are merely conjectures and 
should, in our present state of knowledge of cholesterol metabolism, be regarded 
as such. 

SUMMARY 

In this study it has been shown that over a time period involving weeks: 

a. The blood cholesterol in different individuals fluctuates along different 
patterns. 

b. The blood cholesterol from week to week can change over a range oi 
0 to 73 me. 

e. The blood cholesterol when considered in relation to its individual mean 
over a long-time period fluctuates over a range of 19 to 47 mg. 


d. There is certain ebbing and flowing of the blood cholesterol which is 


always within normal limits, which cannot be explained by any known mechan- 
ism, but which must be attributed to unexplained occasional changes in the 


fat metabolism of this or that person. 
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STUDIES IN BACTERIOPHAGE* 


III. THe SIGNIFICANCE OF TESTS FOR THE INHIBITION OF THE BACTERIOPHAGE 
PHENOMENON BY HUMAN SERUM 


HELEN ZAYTZEFF-JERN, M.D., AND FRANK L. MELENEY, M.D., New York, N. Y. 


INTRODUCTION 


te combined clinical and laboratory experience with bacteriophage has 
shown us clearly that there is a definite relationship between the presence or 
absence of lysis in the test tube and the favorable or unfavorable action of bac- 
teriophage in the patient.’’* The treatment of certain cases yielding organisms 
resistant to bacteriolysis met with complete failure, while those which yielded 
susceptible cultures generally responded favorably. However, some of these 
-ases failed to respond to the phage treatment. In an attempt to explain the 
discrepancies, we have studied the effect of the different substances, such as 
serum, pus, tissue extracts, ete., with which bacteriophage comes into con- 
tact when introduced into the lesion. The present paper concerns itself with 


the inhibition of bacteriophage by serum. 
LITERATURE 


Gratia® in 1921 observed that human serum contains a substance which 
neutralizes the lytie effect of bacteriophage on bacteria in the test tube and of 
fered this fact as the possible explanation of certain failures in phage therapy. 
In 1925, however, Wolff* failed to confirm Gratia’s findings. On the other hand, 
in 1928, Rosenthal’ reported that he had found that the serum of patients suffer 
ing from recurrent furuncles or severe carbuncles, contained an inhibiting sub- 
stance, demonstrable in dilutions as high as 1-2000, which was not found in the 
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serum of persons free of infection. Later, Rosenthal® found that results obtained 
when he mixed serum with phage first and then added the bacteria were often 
different from those obtained when he mixed the serum with the bacteria first 
and subsequently added the phage. Inhibition of lysis sometimes took place by 
one method and not by the other. He concluded from these tests that in the 
first instance the serum directly neutralized the lytic agent while in the other 
it indireetly inhibited the lysis by rendering the bacteria resistant. The first 
effect he named ‘‘direct antiphage,’’ the second, ‘‘indirect antiphage.’’ Rosen- 
thal stressed the importance of direct antiphage and suggested ‘‘autohemo- 
therapy,’’ stating that this caused the direct antiphage to disappear from the 
blood. However, he did not present any experimental data in substantiation 
of this statement. 

In 1928, Raiga’ reported 4 cases of failure of bacteriophage treatment in 
patients whose organisms were susceptible to the phage in the test tube, but 
whose serums were found to contain an inhibiting substanee active in dilutions 
up to 1-2000. 

In 1930, Raiga* enlarged upon his previous report and attempted to correlate 
the results of his therapy with the presence of the antiphage. This author 
followed Rosenthal in distinguishing two kinds of antiphages, calling them the 
antiphage of bacterial resistance (indirect of Rosenthal) and the antiphage of 
bacteriophage imactivation (direct of Rosenthal). After correlating his tests 
with the clinical results, Raiga, in contradistinction of Rosenthal, coneluded 
that the antiphage of bacterial resistanee (indirect) was of importance while 
the antiphage of bacteriophage inactivation (direct), which he encountered in 
practically every case, was of no significance. Beside the staphylococcus 


antiphage of bacterial resistance, Raiga found that many serums also had 


hemolytie streptococcus antiphage, which seemed to him to have considerable 
clinical importanee. Raiga did not state his method for determining the presence 
of these antiphages in this report, but later publications indicate that he used 
the method of Rosenthal at the beginning of the study and that of Sertie later.°” 

In 1931, Riglieri and Fischer™ studied 80 serums of surgieal patients and 
found staphylococcus antiphage in every ease. 

In the same year, Applebaum and MacNeal" reported that purulent exu- 
dates, blood, and blood serum exerted a marked inhibitory influence on the 
lytie action of the staphyloceus bacteriophage. These authors were the first to 
suggest that any given serum might alter the lytic effect of phage in varying 
degrees when placed in contact with different strains of bacteria. 

In 1931, Gratia and Mutsaars’ and Mutsaars'® extended their work and 
found that while serum had an inhibitory action on the phage, this action was 
usually transient, for lysis frequently took place in the second twenty-four hours. 
They also observed that a serum which prevented the action of the phage on 
Staphylococcus aureus, did not affect the action of phage on Staphylococcus albus. 

Colvin’? (1932) found that serum would sometimes inhibit the action of 
phage in high dilutions when the econeentrated serum failed to inhibit. 

How may the variable results of these different authors be reconciled? Dif- 
ferences in technie undoubtedly explain most of these variations, for there was 
no uniformity in the poteney of the phages, the age or concentration of serum, 
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the temperature or duration of ineubation, or the varying susceptibility of the 
different bacterial strains. Obviously complications are greatly multiplied when 
there are three variable factors. We have endeavored to minimize technical error 
and determine if possible the relative importance of the variable factors and 
estimate the elinieal importance of this inhibiting substance. 


TECHNIC OF THE TESTS 


After due consideration we adopted the Rosenthal technie with the addition 

of separate phage and serum controls. 
RESULTS 

A. With Respect to the Test Itself-—We found that the results of the 
antiphage tests varied with the age of the serum, and that it was important 
to use serum not later than twenty-four hours after withdrawal. All tests had 
to be read at 18 to 24, 48 and 72 hours to avoid the possibility of falsely positive 
results. They were run at 37° C. 

B. With Regard to the Importance of the Different Variable Factors. 

1. The effect of different serums on a single phage in the presence of a single 
strain of bacteria: In our earlier experiments we assumed from the reports of 
previous workers that the variable factors were in the serums rather than in the 
phage or in the bacteria. We therefore used a phage which we knew to be 
potent and a stock strain which was susceptible to the phage. Of 25 serums, 
32 per cent yielded a positive test for direct antiphage, and 20 per cent a 
positive test for indirect antiphage. 

2. The effect of a single serum on different bacteriophages in the presence 
of a single strain of bacteria: a. Stock phages: We tested a group of six serums 
with five different stock phages against a single strain of Staphylococcus aureus. 
With one of these phages, all but one of the serums gave strongly positive tests 
for both direct and indirect antiphage, while against the other five phages, five 
of the six serums gave either no reaction or a very weak antiphage action. It 
is evident, therefore, that the character and potency of the phage is an important 
factor in the antiphage tests. 

b. A comparison between stock phages and ‘‘ specific’? phages: A group of 
15 serums were tested for the presence of direct and indirect antiphage, using 
both a stock phage and an adapted phage (propagated at the expense of the 


patient’s organism) with a single strain of susceptible bacteria. Of 15 serums 
tested with the stock phage, 80 per cent gave a positive test for direct antiphage, 
while only 60 per cent gave a positive test with the adapted phage. At first 
it was thought that the propagation of the phage in the presence of the patient’s 
pus adapted the phage to the serum, but later it was found that some serums 
gave a positive antiphage test with the propagated phage, but not with the 


stock phage. 

3. The effect of different bacterial strains: a. Stock strains. We studied 
the inhibitory action of six serums in the presence of six different strains of 
bacteria with the same strain of phage. From these tests, it was possible to 
conclude that the inhibition of lysis varied definitely with the microorganism 
used. Moreover, in this series there were normal serums of persons without 
concurrent staphylococcus infection which gave a positive antiphage test. 
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b. A comparison of the homologous strains of bacteria with stock strains: 


To find out whether another strain of bacteria could be used for the test instead 
of the homologous strain of the patient, we tested 21 fresh serums. With the 
stock strain, these serums gave 95 per cent positive tests for direct antiphage 
and 62 per cent for indirect antiphage. With the homologous strains, there were 
17 per cent positive tests for direct antiphage and 47 per cent positive for in- 
direct antiphage. These results show that a stock strain of bacteria cannot be 
used for the antiphage tests. 

C. The Clinical Significance of the Test—1. A comparison of serums from 
normal individuals and serums from patients suffering from staphylococcus 
infections: Thirteen normal serums and 34 patients’ serums were tested. These 
two groups of serums yielded exactly the same percentage of positive direct 
antiphage tests, 80 per cent, but the group of serums from patients suffering 
from staphylococeus infections gave 35 per cent of positive indirect antiphage 
tests, while the normal serums gave 10 per cent. The same difference in indirect 
antiphage tests between normal and patients’ serums was obtained when the 
homologous strain of staphylococcus was used instead of the stock strain. Thus 
we have a slight indication that indirect antiphage is associated with patients’ 
serums more often than with serums of normal individuals. 

2. The positive test for antiphage in relation to the persistence of bacterio- 
phage in the lesion: In 28 cases, antiphage tests were made with the blood serum 
of the patient and the homologous bacterium. In these cases, also, the per- 
sistence of bacteriophage in the lesion was determined. In all but two of these 
eases, direct antiphage was present in the serum. Yet in 15 of these eases bae- 
teriophage persisted in the lesions for forty-eight hours after its instillation. 
Indirect antiphage was present in 8 eases and in 15 it was absent. In 6 of the 
8 eases having indirect antiphage in the serum, the phage persisted in the lesion 
for forty-eight hours, while in 5 of the 15 in which it was absent, the phage was 
retained in the lesion for only 24 hours. 

It is obvious from these results that the antiphage demonstrated in fresh 
blood serum of patients with staphylococcus infections, which inhibits the action 
of phage in the test tube, does not seem to destroy the bacteriophage when it is 
instilled into the lesion. 


ANTIPHAGE FINDINGS BY THE METHOD OF SERTIC 


Having obtained certain data by the technie of Rosenthal which failed to 
confirm Rosenthal’s opinion of the clinical significance of antiphage, we felt that 
this work would be incomplete unless we also used the more precise method of 
Sertie and Bulgakov.'S But our results with Sertic’s method ran practically 
parallel with our results with the Rosenthal technic. Lack of space prevents 
the publieation of the details of these experiments. 

DISCUSSION 

Our study has confirmed the findings of earlier investigators who observed 
that the serum of human beings may possess an inhibiting action interfering 
with the lysis of bacteria by bacteriophage in the test tube. Of all the methods 
suggested, the most reasonable and exact are those of Rosenthal and of Sertie, 
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both of which were followed in this study. The demonstration of this inhibiting 
action is affected by a number of variable conditions which probably account 
for the varying results obtained by different observers. 

The nature of this inhibition is not clear. With regard to the antiphage 
of phage inactivation (direct); if the phage is a ferment, the serum may absorb 
it, neutralize it, or provide a medium antagonistic to its action. If the phage 
is a living organism, the serum may destroy it in whole or in part, inhibit its 
growth, interfere with its metabolism, or divert its action from the bacteria 
to itself. With regard to the antiphage of bacterial resistance (indirect), there 
may be some alteration of the bacteria rendering them more resistant to the 
lytie action of the phage, the effect may be simply a mechanical protective coat- 
ing or the serum may activate the bacteria to greater growth, which may in 
turn affect the lytie action of the phage. 

The fact that fresh serum inhibits at first and as it gets older loses this 
power, indicates that the antiphage may be a very labile substance, possibly 
volatile, or a constituent of living protoplasm kept potent by living white cells 
or chemically active hemoglobin. 

Our finding that the inhibition is more active at body temperature than at 
room temperature suggests that it might carry on this function in the patient. 
This is the temperature which favors bacterial growth, so that if there is any 
delay in the lytie action of the phage, the bacteria may get into an active growth 
phase and overwhelm the phage simply by force of numbers. 

The evidence of inhibition in twenty-four hours, which is not present at 
forty-eight or seventy-two hours, may offer a clue as to the nature of the reaction. 
Here again the growth suggests a favoring of the metabolism of the bacteria and 
a temporary diversion of the phage from its lytie action. If clearing later takes 
place, it may be that the diversion is overcome by propagation of the phage or 
the inhibiting action of the serum may be exhausted or the active constituent 
may pass off from the serum just as it does in forty-eight to seventy-two hours in 
unused serum. <A primary clearing with secondary growth might logically take 
place either from a neutralization or dispersion of the lytic power of the phage 
or delayed growth of those bacteria which survive the first onslaught of the 
lvtie action. 

The facet that normal serum possesses the inhibiting power to a less degree 
than patients’ serums would seem to indicate that it is something engendered 
by the disease. However, it is difficult to reconcile its presence in some normal 
individuals, and its absence in a number of patients who have been suffering 
from furunculosis for years. The fact that the potency of the phage and the 
bacterial strain are as important factors in the result of the test as the serum 
itself, indicates that the reaction depends in large measure on the nature of the 
lytie property and on the growth, metabolism and physical properties of the 
bacteria themselves. If the antiphages of the serum actually inhibited the 
action of phage in the lesion, as Rosenthal and Raiga have maintained, one would 
expect that the bacteriophage would be destroyed in a shorter length of time 
after insertion into the lesion than when antiphages were not present. This 
eannot be demonstrated, however. We have studied the problem from ever, 
conceivable angle and have found no evidence whatsoever of its clinical signifi- 


cance. 
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SUMMARY 


1. The serum of the majority of human beings possesses an inhibiting action, 
interfering with the lysis of Staphylococcus aureus and Streptococcus hemolytic 
by their corresponding bacteriophages in the test tube. 

2. We have demonstrated this phenomenon first by the method of Rosenthal 
and later by the more precise method of Sertie. 

3. This inhibiting substance can be best demonstrated in fresh serum at body 
temperature after twenty-four hours of incubation. 

4. The result of the test depends upon the strain of bacteria used for the 
test and the strain and the potency of the bacteriophage, as well as upon the 
serum itself. 

5. In this inhibition of lysis, the serum may affect the bacteriophage directly 
(antiphage of phage inactivation), or it may have an indirect action by render- 
ing the bacteria resistant (antiphage of bacteria resistance). The serum of 
some individuals may harbor both antiphages. 

6. The antiphage of bacteriophage inactivation (direct) was present in 80 
per cent of both normal persons and those suffering from furunculosis. <Anti- 
phage of bacterial resistance was present in 35 per cent of infeeted individuals 
and in 18 per cent of normal persons. 

7. No correlation was found between the presence of antiphage in the serum 
of the patient and the result of bacteriophage treatment by the direct introdue- 
tion of bacteriophage into the lesion. 


8. The presence of antiphage in the serums did not affeet in any demon- 


strable degree, the bacteriophage administered directly inte the lesion of the 
patient. 

9. The presence or absence of these inhibiting substances in the serum of 
patients is apparently of no clinical signifieanee in the treatment of loeal 


staphylococcus infections. 
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THE DOCTOR AS SCHOLAR 


Epwarp Popoitsky, M.D., Brook.iyn, N. Y. 


HE contributions of the medical man to pure scholarship have been of the 

highest order. Together with the doctor of divinity the doctor of medicine 
helped to keep the flame of learning alive during the Middle Ages, and in the 
centuries following added much to its luster by many significant contributions 
to almost every branch of pure scholarship. 

Among the first of the medical scholars was Thomas Linacre who lived from 
1460 to 1524. He began his education at Oxford University and continued it 
at the ancient University at Padua, Italy, from which he received his degree in 
medicine. Upon his return to England he distinguished himself as a physician, 
and when Henry VIII became king, Linacre was appointed as one of his physi- 
cians. Dr. Linacre enjoyed a large medical practice in London and numbered 
many prominent persons as his patients. 

But medicine was not the only thing that interested Linacre. He was very 
much interested in religion and received priest’s orders. He then restricted 
his medical work and devoted more of his time to scholarship. He was the 
founder of the College of Physicians which was incorporated in 1518. Linacre 
was its first president, and he retained this office until his death. He aided the 
Universities of Oxford and Cambridge in scholarly research as well as in the 
matter of monetary gifts. He was one of the first of the great English 
scholars. 

A contemporary of Linacre was John Caius (1510-1573) who was born at 
Norwich and studied at Gonville Hall, Cambridge. Like Linacre he went to 
Padua to round out his education. Here he came in contact with the leading 
medical lights of the time, Montanus in medicine and Vesalius in anatomy. He 
became a very close friend of the great anatomist and lived in his house for 
eight months. 

His career seemed to parallel that of Linacre with remarkable fidelity. 
Upon his return to England he became physician to Edward VI and later to 
Queen Mary. His practice was enormous and he became wealthy. He never 
married, and for this reason determined to devote his wealth for the encourage- 
ment of scholarship. In 1557 he obtained royal permission to refound Gonville 
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Hall, his Alma Mater, and the institution now became known as Caius College, 


which name it retains to the present day. Two years before his death he was 
elected President of the College of Physicians for the ninth time. He earried 
forward the glorious traditions of his illustrious predecessor and founder of the 
College, Thomas Linaere. 

In the year 1559 Dr. Caius was persuaded to aecept the Mastership of the 
College, made vaeant by the death of Thomas Bacon. Henry VIIT had freed 
England from the Catholie Chureh, but there were many who still adhered to 
the Pope; Dr. Caius was suspected of being one of these, and for this reason 
he was not very popular with the Fellows of the college. 

The massaere of St. Bartholomew aroused indignation all over England 
against those with Catholic leanings, and a raid was made on Caius’ house where 
a collection of ornaments used in Catholie rituals was discovered. His life there- 
after was far from happy. He contributed much to the learning of that period, 
particularly to natural history. 

Among the earlier of the classical scholars was Richard Mead (1673 to 1754), 
who studied classical literature and antiquities at the University of Utrecht, and 
later medicine at the University of Leyden, where a countryman, Archibald 
Piteairne, was Professor of Physic. Upon receiving his medical degree he 
returned to England where he practiced at Stepney and became physician to the 
world-famous St. Thomas’ Hospital. Dr. Mead was an accomplished classical 
scholar, and in spite of his enormous practice, found time to encourage classical 
studies and helped in more practical ways by constantly presenting large sums 
of money to promote classical scholarship. 

A medical man who attained great prominence as a Greek scholar was 
Francis Adams (1796 to 1861). He was born at Lumphanan, Aberdeenshire, 
graduated in arts and studied medicine at Aberdeen. Then he went to London 
where he reeeived his M.R.C.S. Upon graduation he settled down in Banchory 
where he spent the rest of his life. 

Dr. Adams was very much interested in pure classical scholarship and trans- 
lated many of the Greek writings into English. He was among the first of the 
doctor-scholars to render the Greek physicians, Hippocrates, Paulus Aegineta and 
Aretaeus, into English. His fame as a elassical scholar began to attract atten- 
tion, and he was offered the Chair of Greek in his own university. His love for 
medicine was so great that he could not bear the idea of giving up medieal prac- 
tice, and for this reason refused the proffer. 

John Freind (1675-1728) was another physician who attracted wide atten- 
tion by his fine classical scholarship. He received his academie and medical 
edueation at Oxford University. In 1704 he lectured on chemistry at his uni- 
versity and in the following year went to Spain as physician to the British forees. 
in 1712 he became an F.R.S. and ten years later became a member of Parliament 
‘or Launceston. 

Soon after he beeame implicated in Bishop Atterbury’s plot for the restora- 
tion of the Stuart family and was committed to the Tower of London in 1723 on 

charge of high treason. Here he remained for three months, devoting his 
time to studies in Latin. It is said that he owed his freedom from the Tower 
to Dr. Mead, who, when summoned to attend Sir Robert Walpole, refused to 
preseribe for him until he promised to set Freind at liberty. 
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One of the earliest contributions to literary scholarship was made by Robert 
Watt (1774-1819). He was born on a farm near Stewarton in Ayrshire and 
graduated in arts at Glasgow. For awhile he acted as parochial schoolmaster, 
but he was very much interested in medicine and returned to Glasgow to enter 
upon his medical studies. In 1799 he became a Licentiate of the Faculty of 
Physicians and Surgeons. In the same year he began general practice in Paisley 
where he remained for eleven years. In 1810 he obtained his M.D. 

Dr. Watt was a promoter and the first president of the Glasgow Medical 
Society. In 1816 he was elected president of the Glasgow Philosophical Society, 
and in the following year his health became so impaired that he withdrew from 
medical practice. 

He then left Glasgow for Campvale where he entered upon his studies in 
literature. Here he conceived and carried out his great work the Bibliotheca 
Britannica. His health grew steadily worse and he died in 1819, with the 
Bibliotheea practically completed. 

Dr. Watt’s great achievement, the Bibliotheca Britannica; or a General In- 
dex to British and Foreign Literature, was completed five years after his death. 
It was a monumental achievement for one man. It is the first great  biblio- 
graphie work of modern times. It consists of four large quarto volumes. The 
first two contain the names of more than 40,000 authors, with brief summaries 
of their works. The second part contains all the books mentioned in the first 
part, arranged under subjects. 

Another doctor who contributed much to literary scholarship was Peter 
Mark Roget (1779-1869), the son of a French pastor in London. He graduated 
in medicine at the University of Edinburgh at the early age of nineteen, but he 
continued his studies in London. 

In the year 1805 Dr. Roget was appointed a physician to the Manchester 
Infirmary, and in this capacity he also became one of the founders of the Man- 
chester Medical School. Three years later he removed to London where he en- 
gaged not only in a very extensive medical practice but in other activities as well. 

In between office consultations and calls at his patients’ homes, Dr. Roget 
made a very thorough investigation of the water supply of the metropolis at the 
request of the government. He also invented a logo-logarithmie slide rule which 
won for him election to the Royal Society. In time he succeeded Sir John 
Herschel as secretary of this society. During this time he also wrote a Bridge- 
water treatise on Animal and Vegetable Physiology Considered With Reference 
to Natural Theology. This work attained great popularity and went through 
many editions. Dr. Roget was also one of the founders of the University of 
London. 

The general publie remembers Dr. Roget not for the many accomplishments 
during his lifetime, but for one single literary production. This is the world- 
famous Roget’s Thesaurus of English Words and Phrases. He wrote this book 
after 1840 when he retired from professional practice to devote himself to this 
work exclusively. 

Roget’s Thesaurus went through 28 editions during his lifetime, and what 


edition it has reached at this date, almost a hundred years after it was first pub- 
lished, I do not at the moment know. It has been a steady seller and is still as 
popular as ever. There is not a writer or editor of English anywhere in the 
world who has not heard of this work or who has not a copy on his desk. 
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William Alexander Greenhill (1814-1894) was another medical man who 
attained great eminence as a scholar. He was born in London and received his 
medical education at the Universities of Oxford and Paris. He set up in medical 
practice at Oxford, and devoted all his spare time to the study of Greek and 
Arabic. Among his numerous contributions to classical scholarship were a 
Greek and Latin edition of the Physiology of Theophilus, a Latin edition of 
Sydenham’s works and an English translation of the works of Rhazes from 
the Arabic. He also contributed many articles in Smith’s Dictionaries of Greek 
and Roman Antiquities and Biography. 

Sir Hans Sloane (1660-1753) is as well known as a scholar as a physician. 
He was born in County Down, and studied at Paris and Montpellier. In 1867 
he went as physician to the West Indies, and in time became the personal physi- 
cian of the Governor of Jamaica. While in the West Indies, he undertook a 
systematic study of the flora and fauna of that part of the world, collecting many 
specimens which he brought back to England. 

Upon his return to his native country he settled in Bloomsbury Square 
and in time acquired a large practice. He numbered many prominent people 
among his patients, Queen Anne among them. He became one of the most illus- 
trious members of the Royal Society and in 1727 he succeeded Sir Isaac Newton 
as president which post he held until 1741. 

Dr. Sloane was very generous in his bequests to the needy. Throughout 
his life Sir Hans was a tireless collector of valuable specimens of natural history 
and after his death his famous collections were used in starting the British Mu- 
seum, which was opened to the publie in 1759. 

One of the most famous of modern Orientalists was a medical man, Edward 
Granville Browne (1862-1926). He studied medicine at the University of Cam- 
bridge from which he received his M.B. Later he was elected a F.R.C.P., but he 
never practiced medicine. He was more interested in oriental studies than he 
was in medicine. He had a thorough knowledge particularly of Persian and 
Arabie. He returned to his university in a teaching capacity, but not in medi- 
cine. He became lecturer in Persian, and he held this position with distinetion 
for many years. In 1902 he was appointed Sir Thomas Adams Professor of 
Arabie at the University of Cambridge. 

To chemical scholarship doctors have made many important contributions. 
It was a physician, Dr. Thomas Andrews, who was the first to demonstrate the 


true nature of ozone, proving it to be an allatropie form of oxygen. Joseph 


Black is immortalized as the discoverer of latent heat in 1761. Dr. Black also 
originated the theory of specifie heat. In 1767 he made the first attempt to in- 
flate a balloon with hydrogen. 

Another notable chemist was Daniel Rutherford (1749-1819) who was born 
in Edinburgh and who received his medical education at the university in that 
city. His thesis for the M.D. degree in 1772 was significant because of the clear 
distinetion he made between earbonie acid and nitrogen. He was also the first 
to isolate the gas nitrogen by burning substances in an enclosed volume of air 
and absorbing the earbonie acid thus formed. 

The contributions of medical men to scholarship in many different fields 
have been of the greatest importance for a great many years. There is scarcely 
a braneh of scholarship which has not felt the hand of the physician. 
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LABORATORY METHODS 








A PRECISE SILVER IMPREGNATION METHOD FOR BLOOD CELLS* 
HAaroLD Gorpon, M.S., M.D., Loutsvitur, Ky. 


ANY problems in hematologie morphology and differentiation remain un- 

solved because of limitations in our technichal methods. Similar prob- 
lems in other fields of histology have been cleared up by the use of silver im- 
pregnation methods. It is, therefore, surprising to find that silver impregnation 
has had only limited application in the field of hematology. 

Rhinehart’ * impregnated erythrocytes with silver and studied their hemo 
globin content. His method also is suitable for the impregnation of nucleated 
blood cells, but the technie is too complicated to lend itself to wide application. 
Dawson® applied the formulas devised by Cajal and da Fano, to the study of the 
reticular granules and segregation apparatus of erythrocytes. These methods, 
however, are not sufficiently exact to yield standard results. Tomita, Kawabe 
and Yuba‘ and Perez Ara’ also used silver to impregnate blood cells, but their re 
ports are not available to me. The following method has been in use for some 


time. It is relatively simple and yields uniformly precise results. 
METHOD 


Preparation.—Blood films, bone marrow smears or ‘‘touech preparations ”’ 
from marrow, spleen, or lymph nodes are made in the usual manner and dried 
in air. These may be stored for an indefinite period, if kept free of dust, with- 
out impairment of the subsequent impregnation. Because cover slips can he 
stored in small eardboard containers which are easily numbered, it is more con 
venient to make the smears on cover slips than on slides. 

Fixation.—The preparations are fixed in 10 per cent formalin (4 per cent 
formaldehyde) which need not be neutralized. Fixation is complete in a few 
minutes and is followed by a wash in water. 

Mordanting.—The fixed smears are mordanted in 2.5 per cent aqueous solu 
tion of ferrous ammonium sulphate (iron alum) for ten minutes. Mordantine 
may be prolonged almost indefinitely without apparent interference with th 
subsequent impregnation. The mordant is followed by thorough washing i 
four changes of distilled water. 

Coating.—The cover slips are dipped in 1.0 per cent aqueous solution of 
gelatin, to 50 ¢.c. of which are added two drops of 2 per cent aqueous sodiur 
earbonate. This protects the smears during impregnation and prevents tl 


deposition of diffuse silver precipitate while the preparations are in the silve 


*From the Department of Pathology, School of Medicine, University of Louisville. 
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Fig. 1.—1 and 2, Hemohistiocytes containing phagocytesed normoblasts X1700. 8, Hemo- 
istiocyte containing fragmented normoblasts X1300. 4 and 5, Myeloblasts X1700. 6, Pre- 
elocyte 1700. 7, Young myelocyte 1700. 8, Myelocyte and intermediate normoblast 1300. 
nd 10, Metamyelocytes 1700. 2 and 12, Young polymorphonuclear leucocytes X1300. 13, 
lymorphonuclear leucocyte X1700. 14, Macronormoblast 1300. 15, Intermediate normoblast 
viding) 1300. 16 and 17, Micronormoblasts 1300. 
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bath. The excess of gelatin is allowed to drain off and the cover slips are briefly 
dipped in distilled water. This washes away some of the gelatin, leaving only a 
thin film. 

Impregnation.—The diammoniosilver hydroxide solution of Kubie and 
Davidson® diluted with an equal amount of distilled water is employed: 

To 5 ee. of 10.2 per cent aqueous solution of silver nitrate, add strong am- 
monium hydroxide solution until the precipitate of silver hydroxide is just dis- 
solved. Then add 5 e.c. of 3.1 per cent aqueous solution of sodium hydroxide and 
just dissolve the resultant precipitate with a drop or two of strong ammonium 
hydroxide. Dilute the diammoniosilver hydroxide solution to 100 ¢.e. with dis- 
tilled water. If kept in a well-stoppered brown bottle, this solution will keep 


for a week or two. The smears are impregnated for five to fifteen minutes, using 








Spirillum Recurrentis. Blood film of mouse experimentally infected with Africa! 
recurrent fever. Magnification «2000 (approx.). 
a covered dish. Following impregnation, the preparations are rapidly washed in 
hot distilled water (60° C.) to remove the gelatin. 

Reduction.—The silver is reduced in alum-formol solution: 10 per cent 
formalin 90 ¢.e. and 2.5 per cent iron alum 10 ¢.c. Reduction is complete within 
a few seconds and is followed by a thorough wash in water to remove all trace 
of alum. The smears are then dehydrated in aleohol, cleared in xylol and 
mounted in balsam. 

RESULTS 

All the cells are impregnated. The erythrocytes have a finely granula: 
eytoplasm and take a faint brown color. Some of the erythrocytes stain more 1) 
tensely and have a coarsely granular, slightly reticulated eytoplasm. Thes: 
probably are young red blood cells. The nuclei of the normoblasts are heavil 


impregnated and appear black. The eytoplasmie ring surrounding the nucleus 


of the micronormoblast takes the light brown color of the mature erythrocyte. 
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The nuclear pattern of the normoblast is very clearly apparent. The granular 
white blood cells are just as easily recognizable as the erythrocyte series, so 
that all stages of maturation from myeloblast to adult polymorphonuclear is 
easily identified. Nuclear and cytoplasmie granules also are precisely impreg- 
nated and, in all, a sharply defined picture of cell size is presented by this 
method. After a little experience, the other definitive cells of bone marrow or 
peripheral blood are also easily recognized. 


COMMENT 


An important feature of the method is its lability. For this reason the 
time periods for the various steps are not absolute. As with almost all staining 
methods, so with this—the technic, once mastered, may be modified to suit indi- 
vidual taste. The period of impregnation may be lengthened considerably, with- 
out danger of overimpregnation, if the wash following impregnation is length- 
ened proportionately. The gelatin film is not readily soluble and a thin film per- 
sists. Addition of sodium carbonate to the gelatin renders the latter almost 
transparent, so that the cells stand out in bold relief. The alum-formol reducing 
solution has proved more selective than simple formalin. The alum mordant may 
be used repeatedly. The solutions are easy to prepare and the resultant picture 
usefully supplements the aniline dyes in common use. 


CONCLUSION 


A simple method is described for the precise silver impregnation of blood 


films, bone marrow smears, or ‘‘touch preparations’’ from spleen or lymph nodes. 


The method may be outlined as follows: 


1. Smear preparations of bone marrow, blood films, or ‘‘touch preparations’’ are dried 
in air and fixed in 10 per cent formalin. 

2. Wash in water. 

3. Mordant in 2.5 per cent aqueous solution of iron alum for 10 minutes or longer. 

4. Wash in four changes of distilled water. 

5. Dip in 1.0 per cent aqueous solution of gelatin to which is added a drop or two of 

cent sodium carbonate, and drain. 

6. Wash quickly in distilled water. 

7. Impregnate in diammoniosilver hydroxide solution for five to fifteen minutes. 

To 5 cc. of 10.2 per cent silver nitrate add strong ammonia, drop by drop, until the 
precipitate is dissolved. Add 5 ¢.ec. of 3.1 per cent sodium hydroxide and redissolve the precipi- 
tate with strong ammonia. Dilute to 100 ¢.c. with distilled water. 

8. Wash in distilled water, heated to 60° C. 

9. Reduce in alum-formol. Ten per cent formalin 90 ¢.c. and 2.5 per cent iron alum 
10 ee, 

10. Wash in tap water. 

11. Dehydrate in alcohol, clear in xylol and mount in balsam. 
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A SIMPLE ETHER ANESTHESIA APPARATUS FOR EXPERIMENTAL 
ANIMALS* 


OraAM C. Wootrert, PH.D., M.D., CoLumBus, OHIO 


N BACTERIOLOGIC experimentation on the mammalian fetus we' have had 

repeated occasion to submit pregnant animals to surgical procedures. The 
problem of suitable anesthesia has been an important one in this work. It was 
necessary to have a drug which would not predispose to abortion following 
operative manipulation of the gravid uterus, and which would not impair the 
vitality of the fetuses. At the same time it was desirable that the method of 
administration be simple and if possible under the control of the surgeon. Va- 
rious basal anesthetics such as urethane and barbiturates, either alone or ac 
companied by loeal anesthesia, were found to depress the metabolism of the ani 
mals greatly when given in amounts sufficient to produce surgical relaxation, 
and often confused the results of experimental fetal inoculation. Narecosis ef 
feeted by dropping ether from a separatory funnel onto a mask gave better 
results, but still left mueh to be desired. More recently a simple apparatus fo1 
the administration of ether vapor has been devised and found very effective. 
Although such an apparatus may be in use elsewhere, we have not seen it de 
scribed. Accordingly we take this means of calling it to the attention of others 
who may be interested. 

A moderate and constant stream of compressed air, either from a central 
supply or from a tank, is admitted into rubber tubing (Fig. 1). This stream is 
divided by a Y tube and connections to pass through water and ether bottles in 
parallel. These may be ordinary glass bottles with two-hole rubber stoppers, 
as illustrated, but the usual gas washing bottles with glass stoppers are better 
beeause ether vapor slowly digests a rubber stopper. The bottles are taped to 
gether to make them more stable. The bottle containing water should be about 
half full, the ether bottle about one-fourth full. The divided currents of air, 
carrying water vapor and ether vapor respectively, are reunited by a Y tul 
and connections, and the final mixture is released through a glass eylinder into 
which the head of the animal is inserted. The glass cylinder has an outlet orifice 
of a size sufficient to permit loose insertion of the animal’s head and a free flow 
of the gaseous mixture. Different outlets are used for animals of different sizes, 


such as mice and guinea pigs. 


*From the Department of Bacteriology, Ohio State University. 
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The proportion of ether vapor and air in the final mixture is controlled by 
the one screw clamp on the ether line. If this is opened widely, all of the air 
eurrent passes through the ether bottle, due to the lesser hydrostatie pressure 
of the ether, thus providing a maximal ether vapor content. Partial closure 
of the clamp divides the stream between the two bottles, and the relative flow 
through each may be judged by the relative rate of bubbling. The mixture may 
be changed almost instantly to one of pure air by closing the clamp. Flow- 
meters may be inserted in the air and ether lines for quantitative control of the 
mixture, but we have not found this refinement essential. 

The apparatus offers the advantages of simplicity, accurate and delicate con- 
trol of the ether vapor-air mixture under direct visualization and by means of 


SCAEW CLAMP 


GLASS CYL INDE: 


Fig. 1. 


a single screw clamp, a constant supply of fresh air with the ether vapor, and 
continuous visual observation of the animal’s condition through the glass 
cylinder. The screw clamp may be sterilized or covered with sterile gauze, so 
that regulation of the anesthesia may be in the hands of the surgeon. We have 
employed the apparatus only for mice, guinea pigs, and rabbits, but it should 
be adaptable to any experimental animal. Its use has greatly facilitated our ex- 
perimental work. Anesthesia accidents have been practically eliminated and 
abortions following operative procedures have been considerably reduced. 
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MODIFICATIONS IN THE EAGLE ANTIGENS FOR USE IN THE 
COMPLEMENT FIXATION AND FLOCCULATION TESTS 
FOR SYPHILIS, AND MINOR CHANGES IN THE 
TECHNIC OF THESE TESTS* 


Harry Eacur, M.D., PHILADELPHIA, PA. 


HIGHLY sensitized antigen originally described for use in a flocculation 

test was subsequently found to vield sensitive and specifie results in a four- 
hour ice box Wassermann technie deseribed in this JouRNAL in 1954.2 As 
originally described, the antigen was a 95 per cent aleoholie extract of beef 
heart, fortified with 0.6 per cent each of cholesterol and corn germ sterol. It 
has since been found that the antigen is significantly improved by using absolute 
instead of 95 per cent ethyl aleohol. In the floceulation test, a troublesome 
crystallization of some of the corn germ sterol, when the antigen is stored at 
room temperature, is eliminated. More important, the difference between the 
opalescence of the negative result, and the white aggregates floating in clear 
serum which constitute a positive result, beeomes more sharply defined. 

In the Wassermann test, the use of absolute aleohol makes it possible to 
sensitize the extract with 1 per cent of cholesterol, and thus to eliminate the use 
of corn germ sterol for that reaction. The antigen dilution formed by adding 
120 volumes of salt solution to one volume of antigen is homogeneous and 
opalescent, unlike the finely granular suspension of crystals previously formed 
by the antigen containing both cholesterol and corn germ sterol; and negative 
reactions are no longer obscured by the fact that the fine crystals of sterol may 
simulate a haze of undissolved cells. Moreover, unlike the doubly sensitized 
strably anticomplementary under the conditions of the test to be deseribed. 
Finally, the antigen containing 1 per cent cholesterol is just as sensitive as the 
antigen containing 0.6 per cent each of corn germ sterol and cholesterol. 

Several other minor modifications have been made in the Wassermann and 
flocculation technies as originally described. These changes are italicized in 


the following brief description of the tests. 


A. PREPARATION OF THE BASIC EXTRACT FOR USE IN BOTH THE WASSERMANN AND 
FLOCCULATION TESTS 


Fifty grams of dried powdered beef heart (Difco) are extracted for fifteen 
minutes at 30° to 37° C. with 250 c.c. anesthesia ether, with frequent shaking. 
The mixture is filtered with suction, the ether extract is discarded, and tlic 
powder is similarly extracted with a second portion of fresh ether (250 e.c. 


*From the Department of Bacteriology, School of Medicine, University of Pennsylvan 
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This is repeated for a total of four extractions. All the ether extracts are dis- 
earded. The beef heart powder is then washed on the filter with 100 ¢.c. of fresh 
ether, thoroughly dried, and extracted with 250 ¢.c. of absolute ethyl aleohol for 
three to five days at 20° to 87° C. At the end of this time, the aleohol mixture 
is filtered, and the moist powder is washed with small portions of fresh absolute 
aleohol until the combined aleoholie extract and washings measure 250 e.e. 

For use in the flocculation reaction this basie extract is fortified as heretofore 
with 0.6 per cent each of cholesterol and corn germ sterol (6 mg. of each sterol 
per ¢.c. antigen). For the Wassermann test, the extract is fortified with 
1 per cent cholesterol (10 mg. per ¢.c. antigen) but no corn germ sterol. In both 
eases, the required amount of sterol is added to a measured volume of antigen, 


and is dissolved by boiling. 


B. TECHNIC OF WASSERMANN TEST 


1. Antigen.—a. The antigen is anticomplementary in a 1:3 or 1:6 dilution, 
and is not significantly more hemolytic than pure aleohol. Every lot of antigen 
should be tested once for these undesirable properties by the technie deseribed 
in Tables I and IT. 

TABLE I 


ANTICOMPLEMENTARY TITRATION OF ANTIGEN 
ANTIGEN DILUTION 


Antigen dilution, ¢.c. 
0.85 per cent salt solution, ¢.c. 
Complement, 1:10, e.c. 


After 4 hours at 0° to 5° C., followed by % hour at 37° C., add 0.8 ¢.c. of 
sensitized cells to all the tubes. 


Example of reading of com par eom com eom- 
hemolysis after 144 hour plete tial plete plete plete 
at 37 

Conclusion: Antigen is anticomplementary up to a 1:4 dilution. 


*These dilutions are readily prepared as follows: 


Antigen, c.c. 0.4 0.2 0.13 0.1 0.07 0.05 0.033 


Salt solution, c.c. 0 ).2 0.25 0.3 0.35 0.35 0.35 


Final dilution of antigen 1 3s 1:3 1:4 1:6 1:8 4:12 
TABLE II 
HEMOLYTIC TITRATION OF ANTIGEN 


ANTIGEN DILUTION t 
] 1:2 iss 1:4 1:6 


Antigen dilution, ¢.e. 0.4 0.4 0.4 0.4 0.4 
0.85 per cent salt solution, ¢.c. 0.8 0.8 0.8 0.8 0.8 
Cell suspension,” ¢.c. 0.8 0.8 0.8 0.8 0.8 


Hemolysis is read after 144 hour at 37° C. 
Ex imple of reading of ; 7 . 

emolysis complete none none none none none none 
Conclusion: The antigen is not significantly hemolytic. 


an be sensitized or unsensitized, but should be 114 per cent by volume. 
*See footnote to Table I for method of preparing these dilutions. 


>on 
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b. The optimum antigen dilution is that which detects the smallest quantity 
of reagin, and should be determined once for every lot of antigen by the technic 


deseribed in detail elsewhere® and illustrated in Table III. The optimum dilu- 


tion is usually between 1:100 and 1:200, and a 1:120 dilution can be used 


routinely as a reliable mean. 


TABLE III 


METHOD OF DETERMINING THE OpTIMUM ANTIGEN DILUTION 


RESULT OF WASSERMANN TEST WITH 


ANTIGEN DILUTION POSITIVI SAME SERUM DILUTEDt 
USED IN TEST SERUM : : 1: 

1:40 0 0 

1:80 ‘ + 0 0) 
1: 100 ' ' 0 0 
1:120 ; r n + ) 0) 
1: 160 ' ' 0 0 
1:200 0) 0 
1:400 0 0 0 
Conclusion: The optimum dilution, that which detects the smallest amount of reagin, is 


approximately a 1:120 dilution. 

*Same technic as that to be described. 

‘These dilutions can be readily prepared in sufficient quantity for the 
the following set-up: 


> entire experiment by 


0.125 0.062 
3.9 1.0 


! 


Positive serum, c¢.c. 
Salt solution (or negative serum) 
Final dilution of positive serum 1 72 : : 1:32 1:64 


Method of dilution: The required amount of 0.85 per cent salt solution 


ec. 
is poured slowly into one volume of antigen. The dilution 


(e.g., 120 volumes 
should be opalescent, but homogeneous, and should contain no visible granules. 
Two-tenths eubie centimeters of antigen usually suffice for 50 routine serum 
tests. 

2. Preparation of Human Serum and Spinal Fluid. 
The native amboceptor for sheep red 


The clear serum is 


inactivated at 56° C. for twenty minutes. 
blood cells often present in human serum ean be removed by adding 0.1 e.e. of 


a 50 per cent washed suspension of sheep cells to 1 ¢.¢. of inactivated serum, and 


centrifuging out the cells after fifteen minutes at room temperature. An alterna- 
tive method is to add the sheep cells to the whole human blood, and centrifuge 
after fifteen minutes in the ice box. The latter procedure has the advantage of 
simplicity, as it eliminates the necessity of a double centrifuging of each blood; 
it has the disadvantage of causing slight hemolysis. 


The removal of native amboceptor undeniably results in an increased sensi 


ried out in parallel with the Wassermann, since the flocculation test ensures th: 
detection of practically all serums which might be Wassermann negative because 
of their high content of native amboceptor. 

Spinal fluid does not contain either native complement or amboceptor in 
signifieant coneentration, and therefore requires neither inactivation nor thi 
absorption of native amboceptor. The whole fresh fluid is used as such. 

3. Preparation of Complement—Fresh guinea pig serum, or serum kept 
overnight on the clot in the refrigerator, is diluted 1:10 by the addition of 9 
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volumes of salt solution. If the complement used in the test is a pooled prepara- 
tion from 5 or more pigs, it is approximately uniform in activity, and the neces- 
sity for a complex and inadequate titration of hemolytie activity and ‘‘fixabil- 
ity’’ is eliminated. The complement can always be used in a fixed amount; and 
the actual test mixture of antigen, serum and complement can be set up as the 
first step in the daily performance of the Wassermann reaction. While the tests 
are in the ice box for their primary incubation (vide infra), one can then proceed 
to the preparation of the sensitized cell suspension. 

The use of complement dried from the frozen state, and sealed im vacuo,‘ 
introduces a marked simplification into the Wassermann technic.’ Beeause it is 
a pooled preparation, it is of uniform activity, and can be used in a fixed dilu- 
tion; and sinee it retains its full hemolytie activity for ten months in the ice 
box, the time-consuming chore of frequent bleeding is eliminated. 

4. Setting Up the Tests.—a. Routine serum tests: Many laboratories have 
found it more convenient to use 0.4 ¢.¢. of each reagent instead of 0.2 ¢.e. as 
originally recommended. The set-up for the routine serum Wassermann is there- 
fore as indieated in Table IV. 


TABLE IV 
THe RovctTine SERUM WASSERMANN TEST 


SERUM TES1 ANTIGEN COMPLEMENT CONTROL 
CONTROTI PROPER CONTROL (IN DUPLICATE ) 


Serum, ¢.¢. 0.2 0.2 0.1 0.0 - 
Complement, 1:10, ¢.e. " 0.4 0.4 0.4 0.4 2 013 06.1 


Antigen, 1:120, e.e. 0.4 0.4 0.4 
0.85 per cent NaCl, e.e. 0.21 O.5F 0.4 08 1.0 1.1 1.1 


The tests are placed at 0° to 5° C, for 4 to 8 hours, followed by % hour at 57° C. Sensitized 
cells are then added (0.8 ¢.e. of a 1% per cent suspension), and the results are read 
after 20 to 30 minutes at 57° C, 

One set is used to check the amboceptor titration; the second is incubated along with 
the tests as a check against complement deterioration (see text). 
fMay be omitted. 


b. The spinal fluid Wassermann, and the quantitative serum test: For the 
quantitative titration of a known positive serum, the same test is carried out on 


a series of serum dilutions as outlined in Table V. The spinal fluid teehnie is 


TABLE V 
QUANTITATIVE WASSERMANN TEST FOR THE EXACT TITRATION OF A KNOWN PosiITIVE SERUM 


SERUM CONTROLS TEST PROPER 


Serum (undiluted), e.e. 0.2 0.05 3 0.05 
rum, 1:20, e.e, 0.4 0.2 0.1 0.05 
Complement, 1:10, ¢.e. " 0.4 0.4 0.4 0.4 0.4 0.4 0.4 
tigen, 1:120, e.e. 0.4 0.4 0.4 0.4 0.4 0.4 
‘> per cent NaCl, e.e,. 0.6 0.75 0.2 O93 0.2 0.3 0.35 


Complement and antigen controls are included as in Table IV. The tubes are incubated and 
the sensitized cells added as already described for the routine diagnostie tests (see 
Table IV and page 304). The six tubes of the test proper correspond to serum dilutions 
of 1:2, 1:8, 1:20, 1:40, 1:80, and 1:160; and the reagin content of any serum may be 
arbitrarily expressed as the maximum dilution yielding a positive result. Thus, a reading 
of +++++0 corresponds to a reagin titer of 80, and a reading of ++++00 corresponds 
to a titer of approximately 30, ete. 


May be omitted. 
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outlined in Table VI. The latter need be earried out routinely only down to 
0.05 ¢.e.; but it is advisable to add the last three tubes when testing spinal fluids 
containing abnormally high quantities of protein, as such fluids may be strongly 
positive. The quantities of complement and antigen are halved in order to eon- 
serve spinal fluid. 

TABLE VI 


SPINAL FLvrIp WASSERMANN TECHNIK 


CONTROLS TEST PROPER 


Spinal fluid,* c.c. 1.0 0.1 10 0.6 ’ 2 0.1 0.05 

Spinal fluid, 1:10, ec. | - - 0.2 0.1 0.05 
Complement, 1:10, ¢.c. 0.2 0.2 0.2 0.2 ed 2 0.2 of 0.2 0.2 0.2 
Antigen, 1:100, ¢e.e. - 0.2 0.2 2 2 0.2 2 02 0.2 02 


Four hours at 0° to 5° C., followed by %4 hour at 37° C. Add 0.4 ¢.c. sensitized cells. Read 
after twenty or thirty minutes at 37° C. 


*Fresh whole fluid: inactivation of complement is unnecessary, and amboceptor need not 
be removed, since neither is present in spinal fluid in significant concentration. 


The entire series of tests is now placed in the ice box for four to eight hours, 
followed by one-half hour at 37° C. While the tests are in the ice box, the 
sensitized cell suspension is prepared according to the following directions: 

5. Preparation of the Sensitized Sheep Red Blood Cell Suspension.— 
a. The preparation of the stock 3 per cent suspension: Citrated sheep blood 
(five to ten volumes of blood into 1 volume of 5 per cent sodium eitrate) or 
defibrinated blood is washed twice with ten volumes of salt solution. After the 
second washing, the cells are centrifuged in a graduated centrifuge tube until 
the volume of sedimented cells is constant. Ten to fifteen minutes at 1,500 to 
2,000 revolutions per minute suffice. The measured volume of cell sediment is 
now resuspended in 32 volumes of salt solution to form the stock 3 per cent 
solution. Two eubie centimeters of blood usually yield 0.8 ¢.c. of sedimented 


cells, or 25 ¢.c. of the 3 


3 per cent suspension, enough for 30 routine serum tests 
and the necessary controls. 

b. Titration of the rabbit amboceptor serum: The technie of the amboceptor 
titration is given in Table VII. In the example there cited, a 1:3,000 dilution of 


amboceptor represents one amboceptor unit. The 3 per cent suspension of cells 


is now sensitized with an equal volume of amboceptor dilution containing 214 
units (in the example cited, a 1:1,200 dilution). One thus obtains a 114 per 
cent suspension of cells sensitized with 214 units of amboeeptor. 

e. Check on the amboceptor titration: The amboceptor titration should now 
be checked by adding 0.8 c.c. of the sensitized cell suspension to one set of com- 
plement controls as indicated under COMPLEMENT CONTROL Of Table IV. This 
control consists of four tubes, containing 1, %, 4%, and 14 the amount of comple- 
ment used in the test. Sinee 2% units of amboceptor automatically correspond 
to 2 to 2%4 units of complement, the tubes containing 0.4 and 0.2 ¢.e. of comple- 
ment should hemolyze completely within thirty minutes, while that containing 
0.13 ¢.e. of complement should show only partial hemolysis, and the last tube, 
which contains 0.1 ¢.e. of complement, should show little or no lysis. Any erro! 
in the amboceptor titration becomes immediately apparent, and ean be readils 
rectified. The suspension is now ready for use and is placed in the ice box until 
needed. 
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6. The Addition of the Sensitized Cells to the Tests and the Reading of the 
Results—After four to eight hours at 0° to 5° C., the tests are placed in a 37° 
water-bath for thirty minutes. After this secondary incubation, 0.8 ¢.c. of the 
sensitized cell suspension is added to all the tubes, which are then replaced at 
37° C. The antigen control should be completely hemolyzed in ten minutes; and 


TABLE VII 


TECHNIC OF AMBOCEPTOR TITRATION 








| AMBOCEPTOR DILUTION IN SALT SOLUTION* 
| 1:1000 | 1:1500 | 1:2000 | 1:3000 | 1:4000 | 1:5000 | 
| 


Amboceptor dilution, c¢.c. | 0.4 0.4 0.4 | 0.4 | 0.4 0.4 - 
3% cell suspension, ¢.c. 0.4 0.4 0.4 0.4 0.4 0.4 0.4 
0.85% NaCl, e¢.c. 0.8 0.8 0.8 0.8 0.8 0.8 1.2 
Guinea pig complement, 0.4 0.4 0.4 04 | 0.4 | 0.4 0.4 

1:10, e.e. 








Partial None 


Example of reading of | Complete | Complete |\Complete|Complete | Partial 
hemolysis after 30 


970 ‘ 


| 
~ | 
minutes at 37 " | | | 











A 1:3000 dilution therefore represents the minimal hemolytic concentration (one unit of 
amboceptor). The 3 per cent cell suspension is now sensitized by adding an equal volume 
of an amboceptor dilution containing 21% units, e.g., a 1:1200 dilution in the example 
cited. The amboceptor titration is checked by adding the sensitized cell suspension to 
varying quantities of complement (see text, page 304). An amboceptor should not be 
used if it is so inactive that only the first two tubes of the amboceptor titration show 
complete hemolysis. 











*These amboceptor dilutions are readily prepared as follows: 
1:1000 amboceptor, c.c. 0.4 0.27 0.2 0.13 0.1 0.08 
Salt solution, c.c. — 0.13 0.2 0.27 0.3 0.32 


Final dilution of amboceptor 1:1000 1:1500 1:2000 1:3000 1:4000 1:5000 | 


the complement control, incubated along with the tests, should show complete 
hemolysis in the first two tubes after twenty to thirty minutes (see preceding 
paragraph). The results of the tests are read after twenty to thirty minutes, 
whenever Tube 2 of the complement control, containing half the quantity used 
in the test, is completely hemolyzed. 

If the serum control is not hemolyzed, the serum is anticomplementary. If 
the serum control is hemolyzed, and the other two tubes show no evidence of 
hemolysis, the result is positive; if either tube shows partial hemolysis, the 
result is doubtful; if both tubes are completely hemolyzed, the result is negative. 

In the quantitative serum test, the result is expressed as the maximum dilu- 
tion yielding a positive result. Thus a reading of ++++-+0 corresponds to a 
“‘titer’’ of 40 to 80; and a reading of + ++ 000 corresponds to a serum positive 
up to a 1:20 dilution, a ‘‘titer’’ of 20. Similarly, in the spinal fluid Wasser- 
mann, the result may be expressed as the minimum quantity yielding a positive 
result. 

C. TECHNIC OF FLOCCULATION TEST 


Minor modifications have been made in the original technie (1932). These 
are italicized in the following. The application of the floceulation reaction to 
spinal fluid is also deseribed. 

1. The Serum Test.—The clear antigen (containing 0.6 per cent each of 
cholesterol and corn germ sterol) is diluted by rapidly blowing 1.3 volumes of 





306 THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


4 per cent NaCl into 1 volume of antigen. If kept in the iee box, this dilution 
remains serviceable for at least seven days. Beeause its sensitivity gradually in- 
ereases during the first forty-eight hours, the reeommended procedure is to pre- 


pare the dilution at least one day in advance, allowing it to age in the ice box 


for twenty-four hours before use. 

The serum to be tested is inactivated for twenty minutes at 56° C., and ¥,; 
its volume of the antigen dilution added. Although the test can be carried out 
with 0.3 ¢.c. of serum and 0.02 ¢.e. of antigen dilution, it is more convenient to 
use twice these quantities. The turbid mixture is then shaken for two minutes. 
The ineubation period can be adjusted at will to suit the cireumstances. 

If a rapid reading is necessary, as for an emergency transfusion, the tube 
is ineubated at 56° C. for one-half hour. Otherwise, it is ineubated at 37° C. 
for four to eight hours. After ineubation, the tube is centrifuged at approxi- 
mately 1,500 r.p.m. for ten to fifteen minutes. Three volumes of NaCl N/7 (0.85 
per cent) are then added; i.e., three times the volume of serum used; and the 
results of the test are read. 

In a negative reaction the tube is seen to be homogeneous and diffusely 
opalescent. On shaking, one sees a cloud of tiny refractile erystals, not visible if 
the tube is at rest. In a few serums, a little sediment may be deposited on the 
bottom of the tube, particularly if it was centrifuged at too high speed. This 
sediment, however, is not coherent and completely redisperses on mild agitation. 
In a positive reaction, the erystals clump to form coherent, coarse white floecules 
floating in a clear and transparent fluid. There is a sharp contrast between the 
water-clear fluid and coarse floccules of the positive test, and the homogeneous 
opalescence of the negative test. 

One occasionally encounters weak positives, particularly in patients under 
antisyphilitic treatment. Usually, aggregation in such eases is definite; but 
even when there is only a slight granular appearance, not sufficiently marked 
to justify a definite reading of positive, a second centrifugation usually enables 
one to evaluate the results in terms of positive or negative. If aggregates are 
really present, they are thrown down in the salt: serum mixture to form a 
coherent floccule at the bottom of the tube, covered by a clear supernatant fluid. 
In a negative result, the crystals remain diserete and are not thrown down: the 
tube remains homogeneous and opalescent. If the results cannot be read as 
definitely positive or definitely negative, the report is doubtful. 

Although the macroscopic reading is more satisfactory, it is possible to 
read the results by microscopic examination. In a negative test one sees myriads 
of tiny erystals which do not cohere even though they are in immediate con- 
tact. In a positive test these crystals are clumped in much the same manner 
that red cells are clumped by an agglutinating serum, leaving clear spaces 
between the aggregates. 

Reports are made as positive, doubtful, and negative. 

2. The Spinal Fluid Test—To 2 e¢.c. of fresh fluid is added 0.02 c¢.c. of 
the antigen suspension. It is to be noted that the fluid: antigen ratio (100:1) 
is much larger than the corresponding ratio in the ease of serum (15:1). 


The tests are ineubated for four hours at 37° C., centrifuged for ten minutes 
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(no salt solution is to be added), and the results read. In a negative result, 
the fluid is diffusely opalescent ; in a positive result, the fluid is water-clear, and 
there is a tightly packed lipoid-reagin aggregate at the bottom of the tube. 
In a doubtful result, there is only partial aggregation of the crystalline par- 


ticles of the antigen suspension. 
D. SUMMARY 


Modifieations are deseribed in the flocculation and Wassermann technies 


previously recommended. The most important of these are the use of absolute 


instead of 95 per cent alcohol in the preparation of the basie extract, and 


changes in the sensitization of this extract with sterols. For use in the floeeula- 
tion reaction, the extract is fortified as heretofore with 0.6 per cent eaeh of 
cholesterol and corn germ sterol. For they Wassermann reaction, however, the 
aleoholic extract is fortified with 1 per cent of cholesterol, and the corn germ 
sterol is omitted. 

Minor improvements are pointed out in the teehnie of the Wassermann 
and flocculation reactions, which are deseribed in detail. 

The application of the flocculation test to spinal fluids is also deseribed. 
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UNIVERSAL ELECTRICAL DROP COUNTER OF SIMPLE DEVICE# 
ALEXANDER Kouin, Pu.D., CHicaco, Inu. 


IBBS' in his review of drop recorders described an electrical recorder type 

in which the falling drops are utilized to close a contact between two plat- 
inum wires momentarily. This completes the cireuit of a d.e. battery which 
operates an electromagnetic writer recording on a kymograph. This method is 
naturally restricted to liquids with a rather good electrical conductivity. Many 
body fluids, however, do not transmit enough current even if a considerable volt- 
age is applied to the electrodes. Another disadvantage is the dependence of 
the electrode adjustment upon the size of the drops which, in turn, varies with 
the viscosity of the liquid, surface tension, and other factors. Hanike? therefore 


*From the Department of Biochemistry, Michael Reese Hospital. 
Received for publication, March 4, 1936. 
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suggested a somewhat complicated arrangement, the idea of which was to make 
the recorded drops displace sodium sulphate in a vessel, thus foreing out a 
sodium sulphate drop which could be recorded electrically in the manner de- 
seribed above. This method is independent of the electrical conductivity of the 
fluid and is limited to measurements of the outflow only. 

The arrangement suggested in this paper has the same purpose as Hanike’s 


apparatus. It is based, however, on a different principle and is considerably 








Fig. 1.—Drop counter set up. B, Reservoir for NaCl solution. A, Container for liquid 
the drops of which are to be counted. P, Bakelite plate. W, Counting watch. M, Magnet. 7, 
Constricted glass tube. H, Electrode holder. Hi, Upper electrode. EH», Lower electrode. fF, 
Resistance. 
simpler in construction. It may be used for counting drops of any liquid regard- 
less of its electrical properties. The drops can either be recorded on a kymo- 
graph or their number read directly on an automatic counter. The whole equip- 


ment can be easily made out of a bell magnet and an Ingersoll watch, mounted 
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on a Bunsen stand (Fig. 1). A readjustment for different size of drops is 
searcely required but, if necessary, can be accomplished by varying the height 
of the liquid container (A). 

The characteristic feature of this device is the use of a liquid electrode. 
Two platinum wire electrodes, E, and FE, (Fig. 2), are mounted together on a 
bakelite plate (P), E, being sealed in a glass tube (H) and E, being loosely 
fitted in another glass tube (7’) which has a constriction at its right end.* A 
solution of sodium chloride of good electrical conductivity, from the reservoir 
(B) flows through the glass tube (7') and after passing through its constriction 
continues to flow along the electrode E,, but still without making a eontact be- 


















































Fig. 2.—All letters correspond to Fig. 1. In addition: C, Copper wire attached to the escape- 
ment of the watch. K, Kymograph writer. 


tween FE, and E,. One pole of a 110 V source (house voltage) is connected over 
a changeable (radio) resistance (R) to FE, and the other pole over the magnet 
() to E,. Now if a drop coming from A hits the saline beam in the neighbor- 
hood of the gap between EF, and E, as indicated in Fig. 2, the beam will be de- 
flected and will jump to E., thus forming a conducting bridge between the two 
electrodes and operating the magnet (M).t A writing lever (K) and a count- 


*'The free end of H2 is formed into a semicircle, the apex of which is about 2 mm. below 
(The use of a thicker wire for Ee is of advantage.) 
yA magnet from an electrical bell is satisfactory. 


B; 
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ing watch (W*) are simultaneously operated by the magnet (.V). This mecha- 


nism of making the contact can be easily demonstrated when the velocity of flow 
is reduced by regulation of the screw clamp (S). With a greater rate of flow 
of the salt solution this process becomes too fast to be observed. At the same 
time the duration of the contact becomes smaller which reduces the impulse com- 
muniecated to the magnet (M). A slower rate of flow is therefore desirable, the 
limitation being that with too slow a flow the beam will not return back to £,. 
The optimum velocity can be easily adjusted by regulating the serew clamp (8S). 

For slower counting rates a.c. may be used, but it is, however, by no means 


as reliable as d.e. 

















M, Magnet. K, Kymograph writer attached to the moving part of the magnet. C 
Copper wire attached to the escapement of the watch. W, Ingersoll watch. 


’ 


The counter operates best when E, lies above E., but it will still give satis- 
factory results if the plane of the electrodes is inclined as much as 45° 

Counting speeds up to 360 drops per minute can be recorded regardless of 
their size and composition.t 

In order to secure stable conditions, the rate of flow has to be kept fairly 
constant. This can be obtained simply by making the difference in height be- 
tween the reservoir B and the electrode EF, much greater than the depth of B. 


REFERENCES 


1. Gibbs, O. S.: J. Las. & CLIN. MED. 12: 686, 1927. 
2. Quoted by Gibbs: Ibid. 


*The balance wheel of an Ingersoll watch was removed and a thin copper wire (C) 
leading out of the watch was soldered to the escapement. The motion of M can be easily used 
to move this wire so that for every drop the secend hand will be moved by one-half secon 

tThis limit is mainly due to the inertia of the counting device. If only the kymograp! 
recorder is used a much greater number of drops per minute can be recorded, 





EXPERIMENTAL STUDIES OF THE SICKLING OF 
RED BLOOD CELLS* 


O. C. HaNseEN-Pruss, M.D., DurHaAM, N. C. 


T IS the purpose of this paper to report upon certain experiments which 

throw additional light upon the phenomenon of sickling in the disease called 
sickle-cell anemia, or drepanocytemia, and to deseribe a method which enables 
the observer to develop rapidly the sickling phenomenon in the blood of persons 
having the sickle-cell trait. The underlying mechanism responsible for the 
sickling phenomenon remains unknown. It is generally agreed that the sickling 
is a property of erythropoietic tissue and is not confined to the red cells of the 
circulating blood.** The trait is apparently inherent in the affected cells and 
is not due to any component of the plasma,®* 7 though Josephs*® reports that he 
has succeeded in removing the sickling-producing substance by washing the 


affected cells in salt solution. 

Hahn and Gillespie®: '° in 1927 deseribed a method for the production of 
sickle-cells in vitro from apparently normal but susceptible red blood corpuscles 
freely suspended in normal saline solution. The red cells were suspended in an 


oxygen-free atmosphere and were seen to assume the erescentie shape. As soon 
as oxygen was admitted to the chamber under a hanging drop, the sickled cor- 
puscles immediately reverted to a circular form. It was found that the red 
corpuscles could be put through an endless number of transformations by ad- 
mitting into the chamber alternate streams of CO, and O,. Ethylene, nitrous 
oxide, nitrogen and hydrogen also induced the distortion of the red cells, pro- 
vided the medium was slightly acid. Carbon monoxide acted just as effectively 
as oxygen in restoring sickle-cells to a circular form. These investigators ad- 
vaneed the hypothesis that the ‘‘formation of sickle-cells from susceptible cor- 
puseles under a sealed cover slip is due to progressive decrease of oxygen and 
accumulation of carbon dioxide resulting from the metabolism of the blood 
cells.’’ Diggs'! was unable to confirm fully Hahn’s experiments. We have 
been able to obtain excellent fixed preparations of sickled red cells for our 
course in Hematology, by making the smears from a proper specimen of oxalated 
blood in an atmosphere of carbon dioxide. 

In the hope of throwing some light on the process of sickling, the influence 
exerted by certain dyes and other chemicals upon susceptible red blood cells 
has been studied. 

Method and Material: The following ‘‘vital dyes’’ were used: Neutral red 

15 drops 1 per cent aleoholie solution diluted to 10 e.c. with absolute aleohol), 
brilliant cresyl blue (1 per cent solution in 95 per cent aleohol), Janus green 
(1-2 drops 1 per cent aleoholie solution diluted to 10 ¢.c. with absolute alcohol), 
and methylene blue (2 drops 1 per cent aleoholie solution diluted to 10 ¢.e. with 
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absolute aleohol). The solutions of these dyes were made up freshly in the con- 
centrations usually employed for the ‘‘supravital’’ staining of living blood cells. 
Carefully cleansed glass slides were covered by the respective solutions and 
allowed to dry in the air. A drop of blood, obtained on a cover glass by finger 
puncture, was then placed on the prepared slides. The preparations were 
sealed with vaseline or paraffin. They were deemed satisfactory if a fairly uni- 
form distribution of red blood cells was obtained without rouleau formation or 
marked overlapping of cells, if no air bubbles were present, and if the white 
blood eells took the dye properly and remained viable for at least four hours at 
37° C. The quantitative sickling of red blood cells, if present, was then com- 
pared with that in simple, fresh blood preparations. In addition to the dyes men- 
tioned above, sodium eyanide 1 per cent was used; white cell death was noted 
in these specimens in from fifteen to forty-five minutes. 

Blood from 100 negro and 25 white patients was studied. These patients 
were in the hospital for various reasons and were chosen at random. All were 
adults ranging in age from twenty to fifty years. Sinee sickling was never 
observed in the blood of white patients, this group will not be discussed further. 

The incidence of drepanocytemia and drepanocytie anemia in negroes has 
been estimated by several investigators, all of whom used moist unstained blood 
preparations, or fixed stained blood smears. Seydenstricker’? found that 0.25 
per cent of a group of Georgia negroes showed sickle-cell anemia, and that the 
frequency of true sickle-cell anemia, as compared with the incidence of the sickle- 
cell trait, was in the ratio of one to nine.**» Myamoto and Korb" observed the 
sickle-cell trait in 6.3 per cent of a group of 300 southern negroes. Graham and 
McCarty? reported figures varying from 5.2 per cent to 7.2 per cent in a large 
group of St. Louis negroes. Lawrence,'’® working in Nashville, found that 5 per 
cent of the colored population showed the sickle-cell trait. Dolgopol and Stitt" 
report that the incidence of the sickling phenomenon was 6.5 per cent in the 
negroes at the Sea View Hospital, New York, and 5.2 per cent in a group of 
tuberculous negroes at Staten Island. Levy" found 5.8 per cent of sickling in 
the negroes at the Rockefeller Hospital. More reeently Brandaw'*® reported 
that the sickle-cell trait occurred in 6.7 per cent of a group of 150 negro indus- 
trial workers in Houston. 

From these reports one can say that the sickleell trait (drepanocytemia ) 
may be expected to occur in about 6 per ctnt of a given negro population. In 
our group of negroes the sickle-cell trait was found in 7 per cent when moist 
unstained preparations were studied. In preparations stained supravitally, 
however, the incidence of sickling was found to be much higher, as shown in 


Table I. 


TABLE I 


PERCENTAGE OF SICKLING 














METHOD AFTER 12 HOURS AFTER 24 HOURS —_—‘* FINAL AVERAG! 
Fresh, untreated preparations 5 9 7.0% 
Neutral red preparations 5 10 7.5% 
Janus green preparations 15 15 15.0% 
Brilliant cresyl blue preparations 14 15 14.5% 
Methylene blue preparations 14 14 14.0% 
Sodium cyanide preparations 13 14 13.5% 
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It will be noted that the incidence of sickle red blood cells when stained 
supravitally with brilliant cresyl blue, janus green, and methylene blue, and in 
sodium cyanide preparations, was approximately twice that observed in un- 
treated and neutral red preparations. The incidence of sickling in bloods 
treated with sodium cyanide was essentially the same as in those treated with 
janus green and brilliant cresyl blue. 


Fig. 2. 
Fig. 1.—lnstained moist preparation. Six hours old. Magnification «1200. 


Fig. 2.—Same preparation as shown in Fig. 1 at the end of twelve hours. Magnification 
< 1200, 


2 at the end of twenty-four hours. Magnification 
«1200. 


Fig. 3.—Same preparation as shown in Fig. 
Anemia, when present, did not materially affect either the degree or rate of 
sickling in the group of 100 patients studied, provided the red cell count was 
not below 2 million per mm. of blood. The highest incidence of sickling was 
observed in patients with only moderate anemia. 
The high incidence of sickling observed in bloods stained supravitally and 


in bloods treated with sodium cyanide is very striking, being more than twice 
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that reported by other observers using a different technic. Frequently when 
no sickling could be demonstrated in fresh moist preparations, even when allowed 
to stand for twenty-four hours at 37° C., the same bloods showed sickling rela- 


tively early when stained supravitally. 


Fig. 4. Fig 5. 
Fig. 4.—Moist preparation stained supravitally with brillant cresyl blue, fifteen minutes 
old. Magnification «1200. 
Fig, 5.—Same preparation as shown in Fig. 4 at the end of two hours. Magnification 
1200. 


Fig. 6. Fig. 7. 
Fig. 6—Same preparation as shown in Fig. 5 at the end of three and one-half hours. 
Magnification «1200. 
Fig. 7.—Same preparation as shown in Fig. 6 at the end of five hours. Magnification 
«1200. 


Supravital staining with janus green, brilliant cresyl blue, and methylene 
blue, moreover, accelerates the rate of sickling remarkably. The rapidity of 
sickling, in patients showing the trait, when their bloods were studied in th: 


usual moist preparations, was essentially as noted by Diggs" and others. When 
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these same bloods were treated by vitally staining dyes, however, or with 
sodium eyanide, the maximum degree of sickling was reached much sooner. The 
results are shown in Figs. 1 to 4. 
DISCUSSION 

Supravital staining by certain dyes accentuates the tendency and hastens 
the process of sickling in red cells possessing the sickling trait. Sickling thus 
produced is not an artefact as is clearly demonstrated by controls upon blood 
of both white and colored persons. It has been suggested that anoxemia plays 
an important role in activating the phenomenon of sickling. Sinee sodium 
eyanide, a reducing agent, acts upon susceptible red cells in apparently the same 
way as do the dyes used in the experiments, it seems probable that sickling is 
activated by the dyes by producing a condition of more or less profound anox- 
emia in the red cells. 


SUMMARY AND CONCLUSIONS 


1. By the simple teehnie of supravital staining with brilliant cresyl blue or 


janus green, the sickling trait is activated and accelerated. The maximum per- 


centage of sickling is thus produced in from four to five hours, whereas the same 
result is only attained after twenty hours in unstained moist preparations. 

2. With the use of the dyes mentioned, it was found that 14 per cent of an 
unselected group of 100 negroes showed the sickle-cell trait, as contrasted with 
reported average of about 6 per cent in groups of negroes where moist, un- 
stained preparations were used. 
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APPARATUS FOR THE AMPLIFICATION OF GLASS ELECTRODE 
POTENTIALS* 

Royce K. Skow, San FrANcisco, CALIF., AND F. Lyte Wynp, Pu.D.. 
Str. Louis, Mo. 


HE glass electrode is theoretically so superior to all other apparatus for the 

determination of pH that it would seem logical for it to replace them com- 
pletely. The slowness with which it has come to be a routine laboratory instru- 
ment is due to the difficulty of measuring potentials through its high resistance. 
More than 150 devices have been described in the literature, and this itself is an 
indication of the difficulty of the problem. Many of these devices are theo- 
retically unsound or unworkable in practice. Recently, several commercial de- 
vices have been put on the market, which have sacrificed precision accuracy for 
portability and simplicity of operation. Glass electrode precision equipment, 
surpassing even the finest hydrogen electrode equipment in accuracy, is not yet 
available in commercially built apparatus. 

The essential features of a satisfactory amplifier are sensitivity, a stable zero 
point and stability of the observed potential. The bases of the stability necessary 
for precision determinations are as follows: 

The observation of variations in the plate current as an indication of the 
magnitude of the unknown potential applied to the control grid is subject to 
several sources of error. The plate current is not a linear function of the po- 
tential applied to the grid except over a limited range, and any calibration curve 
empirically obtained varies with the inevitable changes in the characteristics 
of the tube. Such devices depend on a continuous flow of current from the 
electrode system. This is another source of error, since the voltage drop across 
the glass membrane depends on its resistance with a consequent variation in the 
potential that is actually imparted to the control grid. Temperature changes 


preduce enormous variations in the resistance of the glass, as has been shown 
by Morton (1934). Foshbinder and Schoonover (1930) have pointed out that 
the potential measured by such an apparatus is not the true value but is a value 


represented by the equation 


E, = E, + i, . B, 
where Ey = observed potential, E, = true potential, i, = grid current, 
and R, = cell resistance. 


The advantage of such devices is that the plate current may be calibrated to 
read directly in terms of the pH of the unknown solution, but the instability o! 
their calibration precludes their use for precise measurements. 

Null-point instruments must be used if the highest accuracy is desired by : 
routine procedure. The unknown potential is opposed by the adjustment of a 


*From the Department of Physiology, Stanford University, San Francisco, and Depart- 
ment of Bacteriology, Washington University Medical School, St. Louis, 
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calibrated potentiometer until a galvanometer in the plate current indicates 
that the unknown system is not applying a potential to the control grid. Under 
such conditions no current is flowing from the electrodes and consequently varia- 
tions in their resistance have no effect. The disadvantage of such an apparatus 
is that it requires a rather expensive potentiometer. 

Consideration of the above equation shows that the operation of the tube 
must take place under conditions permitting the minimum flow of grid current. 
Even when a null-point instrument is at perfect balance, a very small current 
will flow from the grid, since the insulation is never infinitely great. This cur- 
rent disturbs the potential applied to the control grid because it is applied across 
the high resistance of the glass electrode. Nottingham (1930) gives a very full 
treatment of the disturbing effect of grid current. The devices of Stadie (1929), 
Partridge (1929), Elder (1929), Elder and Wright (1928), Schwarzenbach 
(1930), and many others are subject to error due to the flow of grid current. 
The grid current was minimized in the devices of Voegtlin, de Eds and Kahler 
(1930), Muller (19380), Foshbinder (1930), Du Bois (1980), and Partridge 
(1932). 

Metealf and Thompson (1930) have defined the causes of grid current. An 
understanding of the factors involved is essential in evaluating the many types 
of apparatus now available and therefore they will be briefly discussed. 

1. Leakage From the Grid Terminal Over the Surface of the Tube.—This 
may be minimized by the use of tubes having the control grid contact at the top, 
and by keeping the glass surface clean and dry. 

2. Ionization of the Residual Gas in the Tube.—Modern tubes are highly 
evacuated, although traces of gas are always present. Ionization can be pre- 
vented by using less than 8 volts on the plate. In actual practice it has been 
found possible to use 12 volts on the plate, provided the tube is especially 
‘‘hard.’’? The influence of this factor was reported by van der Bijl (1918). 

3. Emission of Electrons From the Grid Due to Heating.—This is min- 
imized by operating the filament at the lowest practical temperature, The dis- 
turbing effect of high temperature filaments has been reported by Kunz (1917), 
Pike (1919), and by Elder (1929). 

4. Emission of Positive Ions From the Filament.—This is minimized by 
operating the filament at low temperature. This phenomenon has been studied 
by Wahlin (1929) and by Smith (1930). 

5. Photo-Electronic Emission From the Grid Caused by the Light From 
the Filament.—This is minimized by operating the filament at low temperature. 

6. Photo-Electronic Emission From the Grid Caused by Soft X-rays Pro- 
duced by the Anode Current.—Such effects have been studied by Thomas (1925) 
and by Richardson (1926). 


Perhaps one of the greatest sources of error in the operation of all types of 


vlass electrode apparatus is insufficient insulation of the electromotively active 
surfaces of the electrode system. This electrical leakage shunts the glass electrode 
causing a lower potential to be observed. The magnitude of this error depends 
on the relative magnitudes of the resistance of the glass ceil and of the resistance 
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to leakage. The equations of Morton (1934) show the relation between the true 
and the observed potential. 
I) 
= 
The per cent of error in the determination is 


100 (E-e) 7 100 R 
: E ~ (+9) 


per cent error 


where E the true potential, e observed potential, R resistance of the 
glass electrode, and r the parallel leakage resistance. 
The elimination of this source of error depends on the proper mechanical 
construction of the apparatus. 
Amplifiers should not depend on the use of sensitive galvanometers, since 
the difficulties attending their use nullify the advantage of an amplified system. 
The batteries must be as few as possible and should be of high eapacity. 


Variation in battery voltage is one of the prime sourees of trouble. Some com- 
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Fig. 1.—The plate (FP), suppression grid (Su) and the screen grid (Gs) of the type 
89 tube are connected. MA, 0-1 milliammeter; V, 0-10 DC. voltmeter having a resistance of 
1,000 ohms per volt; Gal, Leeds & Northrup No. 2320-D, having a sensitivity of 0.5 microampert 
per millimeter deflection, a coil resistance of 1,000 ohms and an external critical damping re 
sistance of 2,400 ohms; Ri, 20 ohms: R2, 400 ohms; R3, 10,000 ohms; RJ, 1,500 ohms; R5, 
400 ohms; R6, 20,000 ohms; BI, 6 volt storage battery; B2, 3 volts; B3, 195 volts: B4, 3 volts 
The voltages of B2, BS, and Bj are taken from the appropriate taps of a battery bank consist- 


ing of 5 radio “‘C”’ batteries each having a voltage of 4.5. Sw.1, Sw.2, and Sw.3 may be con- 


veniently controlled by a single 4 poie double throw Federal anticapacity switch. Sw.4 is 
single pole double throw Federal anticapacity switch. The #.M.F. leads attach to the measur- 
ing potentiometer. 


mercial devices use small batteries, even for heating the filament, but this ad 
vantage of portability is obtained by a loss of stability. 

The apparatus deseribed below was designed to embody the greatest number 
of theoretical advantages with the simplest operation and construction consistent 
with precision accuracy. Measurements are easily and quickly obtained by w 
skilled operators with an error of +0.008 pH unit. The apparatus may be brietl) 
described as a null-point device operating at the free grid potential, with lov 
plate voltage, and low filament temperature. 

The tube operates as a triode. If Type 89 is used, the screen grid (Gs), the 
suppressor grid (Su), and the plate are connected. If Type 38 is used, tli 
sereen grid is connected to the plate circuit. This makes possible the relative! 
high amplification, even though the tube is operated much below its rated values. 
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The details of Fig. 1 are self-explanatory. All parts of the apparatus are 
enclosed in a grounded metal box except the galvanometer and the measuring 
potentiometer. The parts are mounted directly on the box with their controls 


external. A small jar of calcium chloride should be sealed inside the box to 
reduce surface leakages due to moisture. The procedure in operation is as fol- 
lows: 

1. Close switches S7, S2 and S3 and adjust RZ so that the voltmeter (V) 
reads 2.5 to 3.5 volts. When tube 89 is used, reduce the filament voltage to the 
lowest value that will produce a plate current of 0.5 to 0.8 of a milliampere. 
Tube 38 should operate at about one-half of this plate current. 

2. After a few seconds, when the ammeter (A) indicates that the plate 
current has reached its maximum, adjust R2 and R3 until the galvanometer 
reads approximately zero. The grid is now hanging free (at its free grid po- 
tential) and consequently the galvanometer is a little unstable, but this does not 
affeet the accuracy of the instrument. 

3. Close the tapping switch, S/, and adjust R5 and Ré until the galvanom- 
eter again reads approximately zero. The instrument is then balanced at the free 
grid potential of the tube. In this condition the galvanometer needle should be 
steady. 

4. Release S/, and bridge the calomel cell to the unknown solution eontain- 
ing the glass electrode. 

5. Adjust the measuring potentiometer until the galvanometer needle is not 
deflected when the tapping switch is closed. The needle may be poised at any 
readable part of the scale. It is only essential that it is not deflected by opening 
and closing the tapping switch. 

The pH of the unknown solution is then calculated from the reading of the 
measuring potentiometer by the usual procedure. 
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A SIMPLE METHOD FOR FIXING AND STAINING SPERMATOZOA* 


PAULINE E. Ho.pert, B.S., M.T., Newark, N. J. 


INCE more and more emphasis is being placed on the morphology of sper- 
matozoa in the appraisal of semen, it is essential that an undistorted picture 
of the individual spermatozoa be obtained, reasonably free of artefacts. This 
presents various problems, since the mucus and other elements of the semen 
make it nonadherent to the slide and cause a very disturbing sediment as a 


background which often distorts the picture. The spermatozoa do not readily 


stain with the more common stains sufficiently to distinguish the various parts, 
thus adding a further problem. 

I have tried the various published technics with some suecess but have been 
dissatisfied with the results. Therefore, I have tried various combinations with 
a few modifications on my part and found that the following technie gave 
invariably good, clear, well-stained pictures. 

Each step is important for good results. The specimen should be fresh, but 
it should be allowed to stand long enough for it to become liquid, since a high 
viscosity will prevent it from spreading in a thin even film over the slide. 

1. Make a very thin smear on a slide in the same manner that a blood smear is made. 

2. Shake rather vigorously until smear is dry. 


. Flame gently. 


. Flood slide with 0.5 per cent chlorozane for two minutes. 

. Wash gently with running water. 

. Flood slide with 95 per cent alcohol, let stand for one minute. 
. Tip off excess alcohol and allow to dry. 


PAD aS 


. Stain with 0.5 per cent aqueous gentian violet three minutes. 


~ 
— 


9. Rinse with water. 

10. Rinse with 95 per cent alcohol. 

11. Rinse with water. 

12. Counterstain with 1 per cent aqueous rose bengal one minute. 

13. Wash with water. 

14. Allow to dry. 
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HEPATIC FUNCTION, Studies of, in Portal Cirrhosis and Congestive Heart Failure, 
Cantarow, A. Arch. Int. Med. 56: 521, 1935. 


Hyperbilirubinemia or abnormal retention of bromsulphalein or both were present in 


seventeen of twenty-two patients with portal cirrhosis. Visible jaundice was present in eight 
of twelve patients with hyperbilirubinemia. 

Although ascites usually precedes the development of visible icterus, varying degrees of 
hyperbilirubinemia may be present in many cases before ascites can be demonstrated. 

Retention of bromsulphalein was noted in 77.3 per cent of the cases in this series, being 
at times exhibited by patients with normal serum bilirubin values (seven cases). The rela- 
tionship between retention of dye and the presence of ascites was not as consistent as was the 
relation of the latter to the degree of hyperbilirubinemia. 

This dissociation of the retention of dye and that of bilirubin is practically never en- 
countered in obstructive types of hyperbilirubinemia and suggests that primary impairment 
of the function of the hepatic cells is of fundamental importance in the production of hyper- 
bilirubinemia in cases of portal cirrhosis. Similar observations were made in four cases of 
splenic anemia (Banti’s disease). 

Hyperbilirubinemia was present in ten of forty-two cases of congestive heart failure, in 
only two of which there was visible jaundice. Abnormal retention of bromsulphalein was 
present in fourteen cases. The severity of the condition appeared to be more consistently re- 
lated to the degree of retention of dye than to the concentration of serum bilirubin. 

Marked impairment of excretion of dye may occur in the absence of hyperbilirubinemia. 
Although not conclusive, this observation suggests that some factor, probably pulmonary in- 
farction, other than hepatic functional impairment is necessary for the production of hyper- 
bilirubinemia in patients with congestive heart failure. 


BLOOD, Standards for Normal Children of School Age, Osgood, E. E., and Baker, R. L. 
Am. J. Dis. Child. 50: 343, 1935. 


Hematologic examinations are reported on the oxalated venous blood of 112 healthy 
boys and 103 healthy girls, aged from 4 to 13 years, inclusive. 

The accurate methods used in making these examinations are briefly discussed. 

There were no significant differences in these hematologic examinations with age or sex 
in this group. 

The following values are recommended as normal for children of this age: 


Average 95 Per Cent Range 
Erythrocyte count, millions 5 4.20 to 5.80 
Hemoglobin, grams 12 10.00 to 14.00 
Hemoglobin, coefficient 12 10.20 to 13.80 
Cell volume, c.c. 36 31.00 to 41.00 
Volume coefficient 36 31.00 to 41.00 
Color index 1 0.85 to 1.15 
Volume index 1 0.85 to 1.15 
Saturation index 1 0.90 to 1.10 
The results in these 215 children agree satisfactorily with those summarized from the 
literature. 
The application of these normal standards to the diagnosis and treatment of anemia in 


children are discussed. 
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B. TUBERCULOSIS, Subsurface Growths in Solid Culture Media, Thuringer, J. M., and 
Butler, H. W. Am. Rev. Tubere. 31: 466, 1935. 


A subsurface growth of the Mycobacterium tuberculosis on various solid media has been 
shown to be a more or less constant phenomenon. 

Further evidence is presented that this organism is capable of responding to its environ- 
ment in many different ways (depending upon conditions of oxygen concentration, reaction of 
media, temperature, moisture, and its own metabolic products). 

The authors are in agreement with those who believe that this organism occurs in various 
forms and that these pass through a cycle consisting of several phases, but we are unable to 
demonstrate the factors which bring about these changes. 

It is of interest to note that most of the acid-fast rods were found in the subsurface 
growths, their profusion, arrangement, and acid-fastness depending upon the medium used. 
This may well lead to the question, *‘ whether this subsurface growth does not resemble the 


actual status of this organism growing in the tissues more closely than the surface growth.’’ 


HEMORRHAGIC CONDITIONS, Effect of Moccasin Snake Venom in, Peck, S. M., and 
Rosenthal, N. J. A. M. A. 104: 1066, 1935. 


The use of snake venom as a means of controlling various types of hemorrhagic condi- 
tions has proved useful. It seems to be of value in most of the types of bleeding not as- 
sociated with blood changes, such as epistaxis of long standing, uterine bleeding, hereditary 
multiple telangiectases (Osler’s disease) and various forms of purpura, either toxic, allergic 
or endocrinal. In some instances, marked improvement of the secondary anemia was ob 
served following the control of the bleeding. In some cases of achlorhydrie anemia or anemia 
caused by long-standing uterine bleeding, iron was ineffective until snake venom was employed 
to control the bleeding. 

Snake venom diminishes the bleeding tendency in certain cases of purpura hemorrhagica 
without affecting the blood picture. In some cases and occasionally in the chronic form, the 
blood picture returns to normal after the use of snake venom. This is not attributed to the 
effect of the venom but may be considered to be a spontaneous remission such as oceurs with 
out the use of this form of therapy. Im such a case, however, the restoration of the blood 
picture to normal seems to be hastened by the reduction or control of the hemorrhagic condition. 

Cases of hemophilia, thrombocythemia and leucemia show either no response or slight 
response at the beginning of treatment. Apparently snake venom has no appreciable effect 
on such conditions. 

There are no contraindications to the use of snake venom. Allergic responses are rather 
mild. Exacerbations of the underlying conditions do not occur. Although the fundamental 
condition may not improve, the treatment does not exaggerate the hemorrhagic state. 

Snake venom does not induce any changes in the blood picture. It does not affect the 
bleeding time, except in certain cases of thrombocytopenic purpura which respond to the treat 
ment. In the allergic state resulting from the injection of snake venom an eosinophilia may 
supervene. This tends to subside after desensitization. 

The administration of moccasin snake venom (Ancistrodon piscivorus) intracutaneously 
or subeutaneously (from 0.2 to 1 ¢.c. of a 1:3,000 solution) is effective in controlling various 


hemorrhagic conditions unassociated with blood changes. In thrombocytopeiuie purpura 


hemorrhagica, it seems to be effective in some cases and ineffective in others. It is of no value 


in cases of congenital hemophilia. 


BLOOD, Hemoglobin Index and Jaundice of the New-Born, Hollosi, C., and Horvath, Z. 
Am. J. Dis. Child. 49: 638, 1935. 


The authors’ studies lead them to conclude that: 

The hemoglobin index of the newborn is less than 100 per cent when jaundice occurs, 
but more than 100 per cent if jaundice does not occur. 

From the hemoglobin index one can foretell whether or not jaundice will occur. 

Hemolysis does not necessarily precede jaundice. The formation of bilirubin can be 
attributed to some as yet unknown histologic function. 
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LYMPHOGRANULOMA INGUINALE, Value of Intradermal Injection of Serum as a Di- 
agnostic Test for, Haynes, H. A. Arch. Dermat. & Syph. 32: 795, 1935. 


Five patients with lymphogranuloma inguinale showing positive reactions to Frei 
antigen were tested under adequate conditions of control with intradermal injections of serum 
from patients known to have lymphogranuloma inguinale. 

The mixture of Frei antigen and serum from a patient with lymphogranuloma inguinale 
produced the same cutaneous reaction as that to Frei antigen alone. 

The intradermal injection of serum from patients with lymphogranuloma inguinale into 
patients showing positive reactions to Frei antigen caused no reaction, with one doubtful 
exception. 

Therefore, it seems that the substitution of serum for Frei antigen is not satisfactory as 


a diagnostic procedure in cases of lymphogranuloma inguinale. 


HEMATOPOIETIC EQUILIBRIUM, The, and Emergency Splenectomy, Doan, C. A., Curtis, 
G. M., and Wiseman, B. K. J. A. M. A. 105: 1567, 1935. 


The pathologie physiology of the spleen may be manifest through either or both of two 
mechanisms (a) inhibitory, (b) destructive—and may affect any or all of the circulating blood 
elements. 

The spleen is the major pathologic agent in congenital hemolytic jaundice. 

Splenectomy is indicated as a prophylactic measure against clinical exacerbations of 
excessive hemolytic activity in the chronic and subacute manifestations of the disease. 

Splenectomy is also the therapeutic procedure of choice in acute hemoclastice crises, 
whether the crisis is of spontaneous or of precipitated origin, and regardless of the severity 
of the anemia. 

The immediacy of the erythrocyte response following splenectomy in hemolytie jaundice 
is dramatic, occurring on the operating table. It is usually a million or more cells per cubic 
millimeter in quantity and represents a true increase in total available circulating units. 
This autotransfusion removes the necessity for preoperative and/or postoperative transfusions. 

Splenectomy is not contraindicated in properly selected cases of thrombopenie purpura 
in acute crisis, provided adequate preoperative blood transfusions are given. The immediacy 
of the beginning recovery and reappearance of blood platelets in the circulation following 
splenectomy in thrombopenic purpura may be quite as dramatic as the changes noted in 


hemolytie jaundice. 


PLASMA CHOLESTEROL, Concentration in Glomerulonephritis and Other Terminal States, 
Cantarow, A., and McCool, 8. G. Am. J. Clin. Path. 5: 516, 1935. 


Determinations were made of the plasma cholesterol concentration in 18 patients 


29 


(14 of whom died) with advanced chronic glomerulonephritis, 32 with nonnephritie nitrogen 
retention (26 of whom died) and 18 dying of conditions not accompanied by nitrogen reten- 
tion. Although there was a distinct tendency toward fixation of the cholesterol concentra- 
tion at a low level with increasing grades of nitrogen retention in both the nephritic and the 
nonnephritie groups, there was no constant quantitative relationship between the degree of 
holesterolemia and of nitrogen retention. Low values were usually obtained in the group 
of terminal states not associated with nitrogen retention. No constant relationship was noted 
between the degree of hypocholesterolemia and of anemia. 
The fact that similar findings are obtained in a variety of terminal states suggests that 
the development of hypocholesterolemia and its serious prognostie significance, under such 
ircumstances, are probably related to the operation of some fundamental mechanism which 
: stimulated by a variety of pathologic states. Certain observations are reported which sug- 
gest that excessive withdrawal of cholesterol from the blood, as a result of abnormal stimula- 
‘ion of the activity of the reticulo-endothelial system, may be of importance in the pathogen- 
esis of this phenomenon. 
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SPUTUM TYPING, Reliability of, and Its Relation to Serum Therapy, Bullowa, J. G. M. 
J. A. M. A. 105: 1512, 1935. 


The pneumococcus obtained from the sputum of patients ill with pneumonia is the 
type responsible for the disease in over 93 per cent of the cases in which confirmatory evidence 
was obtained by blood cultures, lung suctions, or metastatic foci. 

The correct type is obtained from the first sputum in 71 per cent of the cases, from 
the peritoneum in 49.6 per cent of the cases, from the mouse’s heart or brain in 21.4 per cent 
of the cases, and from the second sputum taken one or two days later in 5 per cent. 

The Neufeld reaction gave the pneumococcus type in 76 per cent of cases. 

The x group, or ‘‘type IV,’’ is found to be responsible for only 1.2 per cent of cases. 

The incidence of bacteriemia and the death rate are roughly parallel in most types of 
pneumococcie pneumonia. 

Serum reduces the death rate in bacteremie and nonbacteremic cases and prevents bac- 
teriemia in some types of pneumococcic pneumonia. 


The action is specific and not a general protein therapy. 


ANTICOAGULANTS, Magath, T. B., and Hurn, M. Am. J. Clin. Path. 5: 548, 1935. 


The standard deviation of the hematocrit test as performed with the Sanford-Magath 
tube is 0.60 per cent. 

Heparin produces no swelling, crenation, or laking. 

Dry oxalate produces a great deal of shrinkage of erythrocytes. When 22 mg. of dry 
oxalate per 10 ¢.c. of human blood is used, the average hematocrit value is 5.16 per cent less 
than that obtained with wet heparin, which indicates a shrinkage of 11.30 per cent. It is 
necessary to multiply the value for dry oxalate by 1.127 to equal the true hematocrit. 

Sodium oxalate in 1.1 per cent solution gives an hematocrit value equal to that obtained 
with heparin and does not cause human erythrocytes to swell or become crenated nor does 
human blood become laked, as observed microscopically and spectroscopically, provided the 
centrifuging is done before two hours have elapsed. For practical purposes, this anticoag 
ulant may be considered suitable for human blood. If the mixtures of oxalate and blood are 
allowed to stand the following factors must be used by which to multiply the per cent of erythro- 
cytes: after two hours, 0.980; after four hours, 0.973; and after six hours, 0.969. If 1.6 
per cent sodium oxalate be used, one must use the following factors: less than two hours, 
1.030; two hours, 1.021; and four hours, 1.019; at six hours, the value is not significantly dif- 


ferent from values obtained with heparin. 


NEPHROSCLEROSIS, Malignant, MacMahon, H. E., and Pratt, J. H. Am. J. Med. Se. 189: 


221, 1935. 


Malignant nephrosclerosis from both a clinical and pathologic standpoint should not be 
looked upon as merely a progression of benign nephrosclerosis, but rather as a distinct and 
separate disease. It may occur alone or as a terminal complication of the benign disease. In 
the very early stages, when only the cardiovascular signs and symptoms are present, it may be 
impossible not only to say whether one is dealing with an early case of benign or malignant 
nephrosclerosis, but also it may be equally impossible to predict into which of these diseases 
the case will ultimately fall. As the disease progresses, the renal component becomes more and 
more conspicuous, and in the late stages it may be impossible to differentiate this disease from 
chronic glomerulonephritis. The etiology of benign and malignant nephrosclerosis has prob 
ably much in common, for one sees cases of chronic lead poisoning, pituitary basophilism, tox- 
emias of pregnancy and so on, which on the one hand may show benign nephrosclerosis and on 
the other the much less frequent malignant disease. The course and prognosis depend not 
alone on the quality and quantity of the exciting agent but also in the manner in which the 
vessel wall responds. Where the response is of a simple degenerative nature, the disease 
progresses slowly, the prognosis is good and such cases are classed as benign nephrosclerosis. 
Where the vascular response is characterized by inflammatory changes of the intima, necrosis 
and hemorrhage, the course is more rapid, the prognosis is poor, and such cases are classed 4s 
malignant nephrosclerosis. 





ABSTRACTS 325 


PREGNANCY, Investigation of New Biologic Test for Hormones in Pregnancy Urine. 
Kliener, I. S., Weisman, A. I., and Barowsky, H. J. A. M. A. 104: 1308, 1935. 


Group 1. Twenty-one female bitterlings were tested with known pregnancy urines. 
Of these, eight tests were negative, nine were definitely positive, and four showed some en- 
largement of the ovipositor. 

Group 2. Urines from seven normally menstruating nonpregnant women were tested by 
the fish method, with the result that four gave positive ovipositor tests. 

Group 5. Samples of urine from four different normal males were tested, with one 
positive result. This positive result was so striking and occurred so rapidly (before forty- 
eight hours) that the authors obtained another specimen from the same individual, a healthy 
normal man, aged 21. This was tested on six fish in separate aquariums with positive results 
in every fish within forty-eight hours. 

Group 4. Three samples were obtained from women who were in the postclimacteric 
period and had not menstruated for from four to seven years. Each urine of this group was 
tested on two fish. One urine gave a positive fish test. 

Group 5. The urines of Group 1 (from known pregnancies) were boiled and tested in 
the same way. In some cases two boiled urines were mixed and tested. The results were 
quite irregular, some boiled urines giving positive reactions and some negative. 

It will be seen that only nine of the twenty-one urines from pregnant women gave 
definitely positive reactions. Of seven from normally menstruating nonpregnant women, four 
gave positive reactions. One male urine of the four tested was positive, and a later specimen 
from the same male gave positive reactions in every one of the six fish tested. Urines from 
women who had passed the menopause were positive in one of three cases. Boiled urines from 
pregnant women were positive in some instances and negative in others. 

These results agree with those of Szusz and indicate that this biologie reaction is not a 
specific test for pregnancy as Kanter, Bauer, and Klawans intimate. Moreover, the latter 
authors do not report as great a variety of controls as we have and as Szusz previously re- 
ported. The author's finding that nonpregnant female urines, postmenopausal urines, male 
urines, boiled pregnancy urines, and physical disturbance may bring about lengthening of the 
ovipositor would seem to show that a standardization of a fish, as these authors suggest, would 
be extremely difficult if not impossible. Whether the phenomenon is due to the presence of 
estrogenic substance or to some other hormone or to some other substance remains to be de- 


termined. 


TISSUE, Application of Blood Staining to Formalin-Fixed Tissues, Wilder, H.C. J. Techn. 
Meth. & Bull. Int. Assn. Med. Mus. 14: 68, 1935. 


1. Xylol. 

2. Absolute methyl alcohol, 2 changes. 

3. Cover slide with a freshly filtered saturated solution of Jenner’s stain (National 
\niline and Chemical Co.) in methyl alcohol, 5 minutes. 

4. Add an equal amount of distilled water—1 minute. 

5. Plunge, without washing, into a Coplin jar of dilute Giemsa solution (1 drop of 
Giemsa’s spirochete stain from Hynson, Wescott and Dunning, to 1 c¢.c. of distilled water)— 
15 minutes. 

6. Rinse and differentiate in acidulated distilled water (1 drop of glacial acetic acid to 

*, of distilled water). 
7. Rinse in pure distilled water. 


8. Dehydrate quickly in 95 per cent aleohol and two changes of absolute alcohol. 


9. Clear in xylol and mount in Canada balsam. 


TISSUE, Rapid Staining Method for Spirocheta Pallida in Single Sections, Krajian, A. A. 
Arch. Dermat. & Syph. 32: 764, 1935. 
Drop fresh blocks of tissue about 5 mm. thick in a 10 per cent solution of formaldehyde 
heated to 67° C, (152.6° F.) and fix in an oven at 67° C. for ten minutes. (Tissues already 
fixed with formaldehyde do not require this treatment.) 
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Cut thin sections, from 5 to 10 microns, on a freezing microtome and place them in a 
1 per cent aqueous solution of sodium cobalti-nitrite for five minutes. 
Wash the sections in two changes of distilled water. 
Place them in the following (No. 1) solution for fifteen minutes at 67° C.: 
Uranium nitrate 1 gm. 
Formic acid (chemically pure) 85 per cent 3 .c. 
Glycerin (chemically pure) 5 ¢.c. 
Acetone 10 e.e. 
Aleohol, 95 per cent 10 e.e. 


Wash in two changes of distilled water. 


Place the sections in a 0.75 per cent aqueous solution of silver nitrate for one hour at 


Rinse rapidly in distilled water. 


Place the sections for three minutes in 2 ¢.c. of the developing solution, to which prior 
to use add 1 drop of egg albumen-glycerin fixative and thoroughly mix. (The egg albumen 
glycerin fixative is that commonly used in fixing paraffin sections to slides.) While develop 
ing, work under a 60 watt electric lamp 4 feet above the specimen and expose the developing 
solution to light about fifteen minutes before it is to be used. The composition of the develop 
ing solution is as follows: 


Hydroquinone “ gm. 
Sodium sulphite gm. 
Acetone 

Solution of formaldehyde (chemically pure) 40 per cent, made neutral 

Pyridine 

Saturated solution of mastic in 95 per cent alcohol 

Distilled water 


Wash for a few seconds in distilled water. 

Place tlie sections in the 0.75 per cent solution of silver nitrate previously used from 
fifteen to twenty-five seconds. 

Wash in two changes of distilled water. 

Draw the sections onto slides and blot with fine filter paper; dehydrate in absolute 
aleohol for two minutes and then blot and clear in pure xylene for two minutes. 

Mount the section in dammar resin. 


COMMENT 


The sections should be cut quite thin, preferably from 5 to 10 microns in thickness, as 
thicker sections make demonstration of spirochetes difficult owing to the fat content. 

The purpose of using acetone and alcohol in the No, 1 solution is to remove any fatty sub- 
stance present in the tissue, especially in sections of liver and brain. 


wh 


The temperature of the oven is important; 67° C. has proved to be optimum. Lower 
temperatures require a longer time, while 70° C. or above has resulted in failure to demonstrate 
spirochetes in known control tissue. 

Both the No. 1 solution and the solution of silver nitrate should be warmed to 67° C. 
before sections are placed in them. The No. 1 solution requires fifteen minutes and the 
solution of silver nitrate about thirty minutes to be heated to 67° C. Therefore, in order 
to save time it will be good practice to place the solutions in the oven before one begins to cut 
sections. 

Control sections should always be prepared from material known to contain spirochetes. 

The developing solution when made up fresh is a creamy color but soon turns brown. 
The solution keeps well from two to three weeks in a dark cool place. After that it begins to 
detericrate, the mastic separating and settling to the bottom of the container. When this 
occurs, a fresh supply should be prepared. 

The No. 1 solution is stable and keeps indefinitely. 

Sodium cobalti-nitrite solution is not stable and should be made fresh each time. 

All solutions and reagents should be kept in a dark cool place, preferably in a cabinet 
with black walls. 





REVIEWS 


Books and Monographs for Review should be sent direct to the Editor, 
Dr. Warren T. Vaughan, Professional Building, Richmond, Va. 


The Clinical Use of Digitalis* 


IGITALIS was an ancient remedy long before the publication of William Withering’s 

epochal book, An Account of The Foxglove and Some of Its Medicinal Uses. That it 

is a valuable one is evidenced by the extensive literature which has accumulated concerning 

its characteristics and effects and the indications and contraindications to its therapeutic use. 

The purpose of this book is to present clearly the various problems attendant upon the 
clinical use of digitalis and to survey the various data applicable to their solution. 

The scope of the book is indicated by the Table of Contents: Effect on Ventricular 
Muscle, Effect on A-V Tissues, Effect on the Pacemaker of Normal Rhythm, Diuretic Effect, 
Effect on Blood Vessels and Blood Pressure, Electrocardiographie Effects, Toxic Effects, In- 
dications, Use in Certain Special Situations, Dosage and Method of Administration, Con- 
traindications and Dangers, and Digitalis and Prognosis. 

The final chapter, ‘‘ Therapeutic Theses,’’ sums up concisely the conclusions regarding 
the clinical use of digitalis which at present appear to be indicated by the evidence presented 
in the preceding chapters. ‘‘If this has sometimes involved a measure of dogmatism un- 
warranted in reasoned discussion, the author trusts that these theses may yet commend them- 
selves to thoughtful consideration and appropriate consideration. ’’ 

These may be thus summarized: The therapeutic action of digitalis results from the 
action of the drug upon ventricular muscle, which muscular effect is of therapeutic value in 
‘‘potential’’ heart failure. Digitalis lessens the energy requirement of the failing myo- 
cardium; it does not force it to work harder, but enables it to work better. 

The indication for digitalis lies not in the manifestations of heart failure but in the 
heart failure itself. 

Digitalis therapy must be considered primarily with reference to heart function, not to 
heart rhythm. 

Diuresis from digitalis is a general circulatory effect; blood pressure changes are sec- 
ondary circulatory effects. Pneumonia, shock, toxic states and septicemia are not indications 
for digitalis. Nor is angina pectoris. 

While there are numerous other theses, based upon the data presented in this book, 
enough have been summarized to show that Dr. Luten has written an eminently practical 
book which should prove of great interest and still greater value to the physician. 

Both author and publisher may be congratulated upon this book and, perhaps, most of 
all the physician who may find it in practical help in the solution of some harrassing clinical 


problem. 


Diseases of the Nailst 


nition, and correlation of minutia; just as it may also be trite to recall that the majority 


|" IS, perhaps, a truism to say that the recognition of disease connotes the detection, recog- 


_*The Clinical Use of Digitalis. By Drew Luten, M.D., Asseciate Professor of Clinical 
Me licine in the Washington University School of Medicine, and Physician to Barnes Hospital, 
St. Louis. Cloth, 226 pages, two plates, Charles C. Thomas, Springfield, 
*Diseases of the Nails. By V. Pardo-Castello, M.D., formerly Assistant Professor of 
De rmatology and Syphilology, University of Havana, with a foreword by Howard Fox, M.D., 
Professor of Dermatology and Syphilology, New York University, Cloth, 177 pages, 94 illus- 
trations. Charles C. Thomas, Springfield, II. 
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of patients seek the physician’s advice because of signs and symptoms which in themselves 
may be of minor degree, though not always of minor significance. 

In this book Dr. Pardo-Castello has excellently described disturbances of the nails, 
sometimes of importance as diseases of the nails per se, sometimes significant of underlying 
and more generalized disturbances, but always of importance to the patient. 

Many of these without doubt are at times overlooked by the physician; many others, 
though seen, fail to receive due recognition of their importance or significance, largely because 
accurate information concerning them is likely to be the exception rather than the rule. 

This may well be due to the fact that the nails and their disturbances have received 
heretofore relatively little mention in medical literature, a hiatus which this book completely 
fills. 

Commencing, logically, with a discussion of the anatomy, physiology, and pathology of 
the nails, the text then discusses the affections peculiar to the nails, onychodystrophies, the 
ungueal manifestations of dermatoses and of systemic diseases, congenital affections of the 
nails, and the roentgen ray treatment of diseases of the nails. 

An addendum lists the occupations in which diseases of the nails commonly occur and 
the ungueal symptoms due to poisons. 

All in all this is a well-written, comprehensive, and excellently illustrated text which 
the physician may read with profit and which he will find most useful as a reference. 


A Textbook of Pathology* 


NE of the finest textbooks of pathology comes out entirely reset in its sixth edition, with 
new material gleaned from the last four years, especially plentiful in the fields of vita 
mines, viruses, and endocrine functions. Dr. MacCallum’s treatment of diseases as entities with 
their accompanying pathological alterations gives a fine concept of the diseases as pathological 
wholes in contrast with the treatment of pathological alterations as entities with accompanying 
lists of conditions in which they are found, preferred by some authors. This book will con 
tinue, by means of the new edition, to be an invaluable textbook for the student of both 
pathology and bacteriology. 


Tissue Immunityt 


D* KAHN presents in this book original experimental studies dealing with the reactivity 


of the tissues themselves to the injection of foreign substances. Although it has long 
been known that an animal can be immunized by the injection of increasing amounts of 
organisms or their products and this immunity measured by humoral methods, Dr. Kahn has 
gone further and endeavors to tell us what tissue changes underlie the activities constituting 
this immunity. Likewise, desensitization of allergic persons has been practiced for some time, 
but it is the actual changes in the activity of the tissues producing the states of hyper 
sensitivity and desensitization that have been studied here. 

In each chapter there are experiments described with their results tabulated, and the 
theoretical considerations arrived at by the author from these results, which should be of 
great interest to the teacher, the research man, and the student of immunology. Following 
these are clinical considerations to aid the inquiring clinician in his understanding of the 
actual activities he is producing in the ever-increasing modes of prophylaxis, therapy, an 
diagnosis by parenteral methods. 


*A Textbook of Pathology. By W. G. MacCallum, Professor of Pathology and _Bacteri- 
ology, The Johns Hopkins University, Baltimore. Sixth Edition. Entirely reset. 1277 pages 
with 697 illustrations, cloth. W. B. Saunders Company, Philadelphia and London, 1936. 

tTissue Immunity. By Reuben L. Kahn, M.S., D.Sc., University of Michigan, Ann Arbor. 
Cloth, 707 pages. Charles C. Thomas, Springfield, Ill., 1936. 





